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TISSUE MODIFICATION DEVICES AND
METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application 1s a continuation-in-part to U.S.
patent application Ser. No. 12/773,593, titled “TISSUE

MODIFICATION DEVICES AND METHODS”, filed on
May 4, 2010, Publication No. US-2010-0274250-A1, which
claims priority to U.S. Provisional Application No. 61/175,
323, titled “TISSUE MODIFICATION DEVICES”, filed on
May 4, 2009; U.S. Provisional Patent Application No.
61/254,638, titled “SPINAL BONE CUTTING DEVICES
AND METHODS”, filed on Oct. 23, 2009; and U.S. Provi-
sional Patent Application No. 61/285,188, titled “SPINAL
BONE CUTTING DEVICES AND METHODS”, filed on
Dec. 10, 2009.

U.S. patent application Ser. No. 12/773,595 1s also a con-
tinuation-in-part to U.S. patent application Ser. No. 12/496,
094, titled “ACCESS AND TISSUE MODIFICATION SY S-
TEMS AND METHODS”, filed on Jul. 1, 2009, Publication
No. US-2010-0004654-A1, now abandoned; which claims
the benefit o U.S. Provisional Patent Application No. 61/077,
441, titled “INNER SPINOUS DISTRACTION ACCESS
AND DECOMPRESSION SYSTEMS”, filed on Jul. 1, 2008.

U.S. patent application Ser. No. 12/773,595 1s also a con-
tinuation-in-part to PCT Application No. PCT/US09/50492,
titled “TISSUE MODIFICATION DEVICES™, filed on Jul.
14, 2009, now Publication No. WO-2010-009093, which
claims priority to U.S. Provisional Application No. 61/080,
647, titled “TISSUE MODIFICATION DEVICES”, filed on
Jul. 14, 2008; U.S. Provisional Application No. 61/081,685,
titled “TISSUE MODIFICATION DEVICES™, filed on Jul.
17, 2008; and U.S. Provisional Patent Application No.
61/163,699, titled “TISSUE MODIFICATION DEVICES”,
filed on Mar. 26, 2009.

This patent application also claims priority to U.S. Provi-
sional Patent Application No. 61/427,432, titled “TISSUE
MODIFICATION DEVICES AND METHODS”, filed on
Dec. 27, 2010; and U.S. Provisional Patent Application No.
61/472,107, titled “TISSUE MODIFICATION DEVICES”,
filed on Apr. 5, 2011.

INCORPORATION BY REFERENC.

L1l

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference in their
entirety to the same extent as 11 each individual publication or
patent application was specifically and individually indicated
to be incorporated by reference.

FIELD

Described herein are systems, devices, and methods of
using them, for cutting spinal bone and soft tissue 1n a way
that minimizes potential damage to surrounding tissue, and
particularly the spinal nerves and vasculature. The methods,
devices and systems described herein may be used as part of
a spinal surgical procedure involving a complete or partial
removal of spinal bone or joint, such as a laminectomy, lami-
notomy, fascetectomy, pediculectomy, etc.

BACKGROUND

Surgical intervention may require the manipulation of one
or more medical devices 1n close proximity to a nerve or
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nerves, which may risk damage to the nerve tissue. For
example, medical devices may be used to cut, extract, suture,

coagulate, or otherwise manipulate tissue including tissue
near or adjacent to neural tissue. Spinal decompressions, are
one type of procedure that may be preformed to remove tissue
that 1s impinging on a spinal nerve. It would be beneficial to
be able to cut or manipulate tissue (and especially bone) 1n a
way that avoids or protects nearby structures such as nerves,
while allowing precise removal of bone or portions of bones.

For example, a Transforaminal Lumbar Interbody Fusion
(““T'LIF”) procedure 1s a surgical technique to stabilize the
spinal vertebra and the disc or shock absorber between the
vertebras. In this procedure, lumbar fusion surgery creates a
solid structure (bone and/or interbody device) between
adjoining vertebras, eliminating any movement between the
bones. The goal of the surgery 1s to reduce pain and nerve
irritation. The procedure typically involves removal of a great
deal of spinal bone, ¢.g., by cutting through the patients back
and removing the facet joints to create an opening into which
a spacer or interbody cage can be inserted and filled with bone
grait material. Interbody devices such as cages or spacers are
typically 8 mm wide to 15 mm wide. Pedicle screws and rods
or plates may then be used to fuse the vertebra.

It 1s common to do a laminectomy as part of the TLIF
procedure, 1n order to provide space for the insertion of the
spacer or cage. Other, similar procedures such as Posterior
Lumbar Interbody Fusion (PLIF) procedures also involve
cutting and removing a region of bone from the spine, such as
the removal of a portion of the inferior articulating process
(TAP). Removal of these relatively large portions of bone
may be difficult, and may require cutting through a substan-
tial amount of otherwise healthy tissue. In addition, the effort
of cutting through the bone may damage nearby tissue,
including nerve tissue such as nerve roots which are inti-
mately associated with the spine 1n the dorsal column region
being modified. The risks and difficulties of the procedures
described above and other such surgical procedure may be
exacerbated by the need to make multiple cuts 1n bone and
other tissues, which are typically performed sequentially.

In addition, procedures such as these that involve cutting of
spinal bone must be performed 1n difficult to reach regions,
and the surgical procedures performed may necessarily need
to navigate narrow and tortuous pathways. Thus, 1t would be
of particular interest to provide devices that are extremely low
profile, or are adapted for use with existing low-profile sur-
gical devices and systems. It would also be beneficial to
provide devices capable of making multiple, simultaneous
cuts at different positions 1n the tissue (e.g., bone).

Described herein are devices, systems and methods that
may address many of the problems and identified needs
described above.

SUMMARY OF THE DISCLOSUR.

(Ll

Described herein are devices, systems and methods for
cutting predetermined regions of a spine.

In general, the methods described herein include making,
two cuts through bone in the dorsal spinal column (e.g.,
through the pedicles, lamina, or other bony regions of the
spinal column). The cuts may be made simultaneously (e.g.,
using a device having two cutting elements which may be
arranged 1n parallel) or sequentially. The method typically
begins with the delivery of a gmdewire around the target bone
region. The guidewire 1s passed into the body from a first
location, around the target bone, and out of the body at a
second location. The guidewire may be positioned using one
or more needles, cannula, etc. that can steer the guidewire as
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it 1s inserted. This method 1s described 1n many of the patents
incorporated by reference above. The distal end of the
guidewire may be sharp, so that 1t can penetrate the tissue as
the guidewire 1s pushed from the proximal end. The proximal
end of the guidewire may be adapted to link securely (and
removably) to the distal end of a cutting device, such as a

cutting wire saw.

After passing the gumidewire around the target bone to be
cut, an electrode or other neural localization device (as
described 1 some of the reference incorporated in their
entirety above) may be used to confirm that a nerve (e.g.,
spinal nerve) 1s not located between the guidewire and the
bone to be cut, which could damage the nerve. For example,
the distal end of a ribbon-shaped neural localization device
(having a relatively flat and flexible profile) may be coupled
via a guidewire coupling member to the distal end of the
guidewire and pulled into position around the bone, then
stimulated by applying electrical current to electrodes on the
surface(s) of the neural localization device to confirm that a
nerve 1s not present. If a nerve 1s present between the target
bone and the neural localization device, the guidewire may be
removed and repositioned, then the detection process
repeated. Other neural localization methods or devices may
be used, including visual detection/confirmation of nerve
location, detection by electrical impedance measurements,
ultrasound, or the like.

Once the guidewire 1s positioned 1n the desired pathway to
be taken by the cutting element for cutting the bone, a pro-
tective element (e.g., cover, shield, etc.) may be positioned by
pulling 1t into position using the guidewire. In some variations
the neural localization device 1s configured as a shield or
cover. For example, a shueld or cover may be a flat, thin and
flexible elongate (e.g., ribbon-shaped) body that can be posi-
tioned using the guidewire. The protective element may
include a channel or path for the guidewire. In some varia-
tions the protective element may be pulled (e.g., pulled dis-
tally) into position using the guidewire after coupling the
distal end of the protective element to the guidewire, and then
the guidewire may be pushed proximally so that the proximal
end of the guidewire extends back out of the patient and can
be coupled to a second element (e.g., cutting element) while
the distal end of the protective device remains 1n position. In
some variations a second guidewire may be passed along the
same or a parallel pathway through the tissue to position
additional elements such as a cutting element. Channels 1n/on
the protective element may assist with this. Alternatively, in
some variations the protective element may be positioned
over the gmidewire, without coupling to the distal end.

Once the pathway around the target bone to be cut has been
determined (and in some variations protected), a cutting tool
such a wire saw may then be positioned by coupling the
cutting tool to the end of the guidewire and pulling the
guidewire to pull the cutting tool (e.g., wire saw) 1nto place.
The cutting tool 1s optimally a thin, flexible cutting tool that
may be used bimanually, e.g., by pulling on both the proximal
and distal ends of the device to cut the bone. Examples of
cutting devices include reciprocating cutting devices, and
some examples of these are described below. Cutting ele-
ments may be abrasive (e.g., having an abrasive surface). A
cutting element may be a wire saw, such as a Gigli saw, as
known 1n the art, which 1s adapted for use as described herein.
Cutting elements are not limited to mechanical cutters. Other
cutting elements may include electrical cutting elements,
thermal (heat) cutting devices, or the like.

In some variations a separate guidewire 1s not used, but the
cutting element acts as a guidewire. For example, the cutting
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clement may include an integrated guidewire to the distal end.
In some variations, the guidewire may be adapted as a cutting
clement.

Once positioned around the target tissue, the ends of the
cutting element may be grasped manually or grasped using an
assist device, and the cutting element may be activated (e.g.,
by manual reciprocation) to cut the bone. Cutting the bone
typically means cutting completely through the bone. In
variations 1n which the cutting element 1s coupled to a
guidewire, the cutting element may be reciprocated by pull-
ing on the distal end of the guidewire.

Manual reciprocation of the guidewire may be performed
from outside of the patient. The direction of pulling and/or
reciprocation may be based on the direction of cutting
intended. For example, when it 1s desirable to cut the bone
(e.g., the superior articulating process or SAP) laterally so
that the cut extends in the lateral direction relative to the spine,
the proximal and distal ends of the cutting element extending
from the patient (or the portions of a guidewire or other wire
connected to the cutting element that extends from the patient
and can be grasped to manipulate the device) are pulled so
that the force vector applied by pulling on the two ends at an
angle points 1n the generally lateral direction. In general, the
direction of cutting using a flexible wire system as described
herein will be determined by the force vector resulting as the
ends of the flexible cutting element 1s pulled from both ends.
The pulling force may be alternated—e.g., to reciprocate the
cutting element against the tissue.

In some variations, an assist or guide element may be used
to help position the cutting element as 1t 1s reciprocated
against the spine. For example, an assist device or guide may
push the cutting element against the tissue, helping to control
the direction of the cutting.

The methods described herein may include a device con-
figured to allow simultaneous cutting of two or more bone
regions. For example, a device for cutting bone may include
two parallel cutting elements that are separated by a prede-
termined spacer or spaces. The distal and proximal end
regions of the cutting elements are connected so that recipro-
cating the ends of the device will cause reciprocation of both
cutting elements. As mentioned, the cutting elements are
typically tlexible, and may be connected so that they remain
separated by a predetermine spacing even when contacting,
bone or during positioning. For example, the two parallel
cutting elements may be separated by a distance of between
about 4 and 16 mm, or between about 6-14 mm, or between
about 8-15 mm. The two (or 1n some variations, more than
two cutting elements are typically arranged along the long
axis (length) of the device. In some variations, the cutting
clements may be approximately parallel or actually parallel.
In some variation, the cutting elements are not parallel, for
example, the cutting surfaces may be slightly angled relative
to each other, and the device may be configured so that the
distance between the cutting edges may be varied or altered.

In variations 1n which two or more cuts to remove a portion
of bone are made sequentially (rather than in parallel), the
method may include cutting the first portion of the bone, then
moving the cutting element to the start of the second cut
without removing the cutting element from the tissue. Thus,
both sides of a cut to remove the bone may be made without
removing the cutting element. Cutting a section of bone com-
pletely away without having to remove the flexible cutting
clement (e.g., wire) from the body 1s one advantage of the
methods described herein.

When two cuts are made sequentially as mentioned above,
an additional positioning device may be used to push, pull or
otherwise guide the middle of the cutting element (e.g., the
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region looped around the bone) into position around the bone
at the desired second cutting position. For example, a wire
saw may be used to cut the SAP laterally, then, after cutting
completely through the SAP, the bent portion of the cutting
clement 1n the tissue may be moved 1nto position by pushing
it or sliding 1t to the second location. An example of this 1s
provided below. The positioning device may be a rigid or stiif
member having a distal end configured to push or grasp the
loop of the cutting element. Since the bone being cut will be
removed, 1n some variations the procedure includes the step
of cutting through the tissue to expose the bone. One or more
probes may inserted into this cut and used to position the wire
either using a manipulating device once 1t has been looped
around the tissue as desired, or to position the probes to pass
the guidewire around the bone to be cut.

Although an opening into the bone may be formed to
remove the bone region cut away, 1t may be beneficial to pass
the guidewire around the target bone from a separate (even
mimmally 1nvasive) access point. Thus, the cut into the tissue
to remove the bone may be kept relatively small (e.g., sutfi-
ciently large enough only to retrieve the bone that 1s cut
away), while separate pathways for the wire saw may be
tformed through the tissue in the directions that the wire saw
will be reciprocated. In other variations the procedure may be
preformed substantially “open,” exposing a region of the
bone, and allowing manipulation of the ends of the guidewire
and/or cutting element as necessary to cut at the desired

angles and remove the bone.

In some wvanations, the methods described herein are
adapted for cutting a region of a spinal facet (e.g., cutting on
one side ol a superior articulating process) specifically, to
permit 1nsertion of a device such as a cage or spacer.
Described below 1s a specific example of one procedure and
variations of devices that may be used to perform the proce-
dure, as well as systems including such devices. In some
variations, the method and devices described herein are
adapted for cutting bone to perform an osteotomy. For
example, 1n scoliosis reduction surgery portions of bone are
removed to aid in the straightening of the spine. In some
variations, the methods and devices described herein are
adapted for cutting a spinous process or transverse process or
any other suitable portion of bone.

Also described herein are improved devices for modifying
tissue and methods of using them. These devices may be
included as part of a system for moditying tissue. The tissue
modification devices described herein typically include an
clongate, flexible length and a tissue modification element
coupled to the flexible element. The flexible element may
include an expanding mechanism that expands at least a por-
tion of a flexible element from a first width to a second wadth.
A tissue modification device may include one or more of
these features 1n any combination.

Methods for modifying tissue as described herein may
include one or more of the following steps: inserting an elon-
gate, tlexible element having a first width; advancing the
flexible element until a portion of the flexible element 1is
adjacent to a target tissue; expanding at least the portion the
flexible element adjacent to the target tissue to a second
width; and moditying the target tissue with the flexible ele-
ment.

The methods for moditying tissue described may alterna-
tively include one or more of the following steps: inserting a
first elongate, flexible element 1nto the patient at a first loca-
tion; advancing the first flexible element until a portion of the
flexible element 1s adjacent to a target tissue; inserting a
second elongate, tlexible element into the patient at the first
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location, a distance from the first flexible element; and modi-
tying the target tissue with the tlexible elements.

Any of the devices described herein may be used as part of
a tissue decompression (e.g., spinal decompression) method
to modily tissue such as soft tissue (e.g., ligamentum flavum,
etc.) and hard tissue (e.g., bone). In particular, these devices
may be used as part of a spinal decompression technique
within a spinal foramen.

The devices described herein may be used as part of a
guide-based access and decompression system, including
those previously described 1 any of the following patent
applications and provisional patent applications, each of

which 1s herein incorporated by reference in 1ts entirety: U.S.
patent application Ser. No. 11/250,332, titled “DEVICES
AND METHODS FOR SELECTIVE SURGICAL
REMOVAL OF TISSUE”, filed on Oct. 15, 2005, now U.S.
Pat. No. 7,738,968; U.S. patent application Ser. No. 11/231,
199, utled “DEVICES AND METHODS FOR TISSUE
ACCESS”, filed on Oct. 15, 2005, Publication No. US-2006-
0095059-A1; U.S. patent application Ser. No. 11/375,265,
titled “METHODS AND APPARATUS FOR TISSUE
MODIFICATION?, filed on Mar. 13, 2006, now U.S. Pat. No.
7,887,538; U.S. patent application Ser. No. 11/405,848, tatled
“MECHANICAL TISSUE MODIFICATION DEVICES
AND METHODS?”, filed on Apr. 17, 2006, Publication No.
US-2007-0213733-A1; U.S. patent application Ser. No.
11/429,377, titled “FLEXIBLE TISSUE RASP”, filed on
May 4, 2006, now U.S. Pat. No. 8,048,080; U.S. patent appli-
cation Ser. No. 11/538,345, titled “ARTICULATING TIS-
SUE CUTTING DEVICE”, filed on Oct. 3, 2006, Publication
No. US-2008-0161809-A1; U.S. patent application Ser. No.
11/687,548, titled “TISSUE REMOVAL WITH AT LEAST
PARTIALLY FLEXIBLE DEVICES”, filed on Mar. 16,
2007, now U.S. Pat. No. 8,062,300; U.S. patent application
Ser. No. 11/687,538, ftitled “FLEXIBLE TISSUE
REMOVAL DEVICES AND METHODS”, filed on Mar. 16,
2007, now U.S. Pat. No. 8,062,298; U.S. patent application
Ser. No. 11/870,370, titled “PERCUTANEOUS SPINAL
STENOSIS TREATMENT™, filed on Oct. 10, 2007, Publica-
tion No. US-2008-0103504-A1; and U.S. patent application
Ser. No. 12/127,535, titled “GUIDEWIRE EXCHANGE
SYSTEMS TO TREAT SPINAL STENOSIS”, filed on May
2’7, 2008, Publication No. US-2008-0275458-A1.

In particular, the devices described herein may be used as a
guidewire-based system that 1s configured so that the device
may be pulled into position and/or tensioned so as to be urged
against a tissue, and thereby modify the tissue. This configu-
ration may be referred to as a bimanual system, since both
ends (e.g., the proximal end and the distal end of the device)
may be tensioned or pulled to modily the tissue. Tissue may
be modified by removal or smoothing of the tissue, and may
be performed by pulling the devices described herein through
the tissue so that the working surface (e.g., the blades on the
rungs) contacts one or more tissue surfaces.

Also described herein are delivery devices for delivering
tissue modification devices for removing tissue from a
patient. In some embodiments, the device includes a ribbon
shaped flexible elongate body having a width defined by a
first edge and a second edge. In some embodiments, the first
and second edges are substantially parallel. The device may
also 1include a first channel, configured to receive a first elon-
gate cutting member, disposed along a portion of the length of
the elongate body, positioned toward the first edge of the
clongate body, and a second channel, configured to recerve a
second elongate cutting member, disposed along a portion of
the length of the elongate body, positioned toward the second
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edge of the elongate body. In some embodiments, the device
may also include a guidewire coupler at the distal end region
of the elongate body.

In some embodiments, a first flexible elongate cutting
member 1s disposed within the first channel and/or a second
flexible elongate cutting member 1s disposed within the sec-
ond channel.

Also described herein are methods for delivering tissue
modification devices for removing tissue from a patient. In
some embodiments, the methods include the steps of insert-
ing an elongate, flexible shield into the patient at a first loca-
tion; advancing the shield until a portion of the shield 1s
adjacent to a target tissue; mserting a first elongate, tlexible
cutting element through the shield until a portion of the first
cutting element 1s adjacent to a target tissue; inserting a sec-
ond elongate, flexible cutting element through the shield, a
distance from the first cutting element and substantially par-
allel to the first cutting element, until a portion of the second
cutting element 1s adjacent to a target tissue; and modifying
the tissue with the flexible elements.

In some embodiments, the methods include the steps of
mserting a first elongate, flexible cutting element until a por-
tion of the first cutting element 1s adjacent to a target tissue;
advancing an elongate, flexible shield into the patient,
wherein a portion of the shield i1s advanced over the first
clongate, flexible cutting element; serting a second elon-
gate, flexible cutting element through the shield, a distance
from the first cutting element and substantially parallel to the
first cutting element, until a portion of the second cutting
clement 1s adjacent to a target tissue; and moditying the tissue
with the flexible elements. In some embodiments, the meth-
ods further include the step of removing the shield from the
patient while leaving the cutting elements 1n position within
the patient.

In some embodiments, a bimanually controlled tissue
modification device having a tissue modification region for
cutting tissue 1n a patient includes a pair of flexible elongate
cutting members extending along the length of the tissue
modification region. Each elongate cutting member may have
a thickness and each elongate cutting member may be con-
figured to cut a discrete trough 1nto tissue to a depth that 1s
greater than the thickness of the cutting member. In some
embodiments, the device includes a guidewire coupler distal
to the tissue modification region of the device. The guidewire
coupler may be configured to be coupled to a guidewire, e.g.,
at the proximal end of the guidewire, and the tissue modifi-
cation region may be actuated by pulling on a proximal
handle on or connected to the device, and on a guidewire
coupled to the distal end of the device. In some embodiments,
the tissue modification region 1s configured to be actuated by
a proximal handle and a distal handle. In some embodiments,
the guidewire coupler i1s configured such that the device 1s
removably attachable to a proximal end region of a guidewire
such that the tissue modification region can be pulled into
position by pulling on the guidewire while the proximal end
region of the guidewire 1s held stationary by the guidewire
coupler with respect to the device. Alternatively, 1n some
embodiments, the device includes a flexible guide at the distal
end of the tissue modification device, wherein the guide 1s
configured such that the tissue modification region can be
pulled 1nto position by pulling on the guide.

In some embodiments, at least one cutting member com-
prises a cutting wire, while in some embodiments, atleast one
cutting member comprises a Gigli wire or an elongate wire
having a helical cutting edge along the length of the wire. In

10

15

20

25

30

35

40

45

50

55

60

65

8

some embodiments, at least one cutting member comprises an
clongate cable having blade edges distributed along the
length of the cable.

In some embodiments, the device includes a spacer
coupled to the elongate cutting members of the tissue modi-
fication region, wherein the spacer 1s sized and configured to
temporarily hold the cutting members a distance from one
another. In some embodiments, the spacer comprises an elon-
gate, tlexible, ribbon-shaped substrate and 1n some embodi-
ments, the spacer includes a restraint (e.g., “coupler”) toward
the outer edge region of the spacer and configured to tempo-
rarily secure a cutting member to the outer edge region of the
spacer. In some embodiments, the spacer 1s sized and config-
ured to slide along the length of the elongate cutting mem-
bers. The restraint may be referred to herein as a coupler as 1t
may engage with and restrain the cutting elements or another
clement coupled to the cutting elements (e.g., cable, etc.) to
maintain a lateral separation between the cutting elements as
described herein.

In some embodiments, the device further includes a plu-
rality of flexibly connected rungs, wherein each rung extends
at least partially across the width of the device. In some
embodiments, the rungs are proximal and distal to the tissue
modification region of the device. In some embodiments, the
device further includes a connector linking adjacent rungs. In
some embodiments, the connector may include at least one
cable, and 1n some embodiments, the cable may form the first
clongate cutting member and the second elongate cutting
member.

In general, a bimanually controlled tissue modification
device for cutting tissue 1n a patient may include a pair of
flexible, elongate cutting members extending along the elon-
gate length of the device, and a spacer that may be positioned
between the cutting members. In some embodiments, the
spacer 1s sized and configured to operate 1n one of two modes:
a first mode, wherein the spacer 1s coupled to the cutting
members such thatitholds a portion of each of the two cutting
members a distance from one another across the width of the
device; and a second mode, wherein at least a portion of the
spacer 1s moved away from a cutting member to allow the
cutting members to cut further into tissue. In the first mode,
the spacer(s) may be 1n the same plane as the cutting member,
while 1n the second mode the spacer(s) may be displaced out
of the plane.

In some embodiments, the elongate cutting members are
substantially parallel to one another. In some embodiments,
the spacer 1n the second mode 1s positioned out of the plane of
the cutting members. The device may include a guidewire
coupler at the distal end region of the tissue modification
device. In some embodiments, the spacer 1n the second mode
1s positioned such that each of the cutting members can cut a
depth into tissue that 1s greater than the thickness of the
cutting members. In some embodiments, the spacer further
comprises a coupler configured to couple the spacer to a
cutting member while the spacer 1s 1n the first mode. In some
embodiments, the spacer transitions from the first mode to the
second mode as the cutting member cuts through the coupler.
In some embodiments, the spacer transitions from the first
mode to the second mode as the coupler slides along the
length of the elongate cutting member. Any appropriate num-
ber of spacers may be used. The same device may use difier-
ent types or configurations of spacers.

In some embodiments, the coupler may be a deformable
material s1zed and configured such that the spacer transitions
from the first mode to the second mode as the deformable
material deforms and a portion of the spacer moves with
respect to the cutting member. In some embodiments, the
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device further includes a spring, wherein the spring 1s con-
figured to expand as the spacer transitions from the first mode
to the second mode. In some embodiments, the cutting mem-
bers are sized and configured to cut a first depth into the tissue
while the spacer 1s 1n the first mode and to cut a second,
greater depth into the tissue while the spacer 1s 1n the second
mode. In some embodiments, the cutting members are con-
figured to be actuated by a proximal handle and a distal
handle. The cutting members may be reciprocated, for
example, they may be pulled distally by a distal handle and
pulled proximally by a proximal handle.

In general, a method of modifying tissue may include the
steps of passing an elongate, flexible tissue-modification
device at least partially around a target tissue; moving a
tissue-modification region of the device against the target
tissue by pulling the tissue-modification device from at least
one end of the device; and cutting two discrete elongate
troughs 1nto the tissue with a pair of tflexible elongate cutting,
members extending along the elongate length of the tissue
modification region. For example, the elongate cutting mem-
bers may have a thickness (e.g., between about 0.01 cm and
about 5 cm) and each of the elongate troughs may be cut to a
depth that 1s greater than the thickness of the cutting mem-
bers. In some embodiments, the elongate troughs each have a
depth greater than 1 cm. In some embodiments, the elongate
troughs each have a depth greater than 2 cm. In some embodi-
ments, the elongate troughs are substantially parallel to one
another.

As mentioned, the troughs are typically discrete, and sepa-
rated from each other. In some variations, the troughs may
jo01n or meet as the device continues to cut into the tissue (e.g.,
bone). The spacing between the troughs may be predeter-
mined (e.g., 4 mm, 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm,
1l mm, 12 mm, 13 mm, 14 mm, 15mm, 16 mm, 17 mm, 18
mm, etc.), which may correspond to the spacing between
cutting elements on the cutting device.

In some embodiments, the method further includes the step
of removing the target tissue. The target tissue may comprise
at least a portion of a facet joint. In some embodiments, the
step ol passing the tissue-modification device at least partially
around the target tissue comprises passing a guidewire at least
partially around the target tissue and pulling the flexible tis-
sue-modification device around the target tissue using the
guidewire. In some embodiments, the cutting step includes
the steps of cutting the troughs to a first depth 1nto the tissue
with a pair of flexible elongate cutting members held a dis-
tance from one another with a spacer and cutting the troughs
to a second, greater depth into the tissue with the pair of
flexible elongate cutting members.

The spacer may be moved with respect to the cutting mem-
bers betfore cutting the troughs to the second, greater depth. In
some embodiments, the method 1ncludes the step of collect-
ing cut tissue with the spacer as the spacer moves away from
the cutting members. The step of moving the tissue-modifi-
cation device against tissue may comprises applying tension
to both the proximal end and the distal end of the tissue-
modification device to drive the tissue-modification device
against the tissue either simultaneously or sequentially (e.g.,
reciprocating it).

In some embodiments, the method includes the step of
cutting through a coupler with at least one of the cutting
members while cutting the troughs, wherein the coupler
couples a spacer to the cutting member. In some embodi-
ments, the method includes the step of detaching at least one
of the cutting members from a coupler while cutting the
troughs into the tissue, wherein the coupler couples a spacer
to the cutting member. In some embodiments, the cutting step
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further comprises reciprocating the tissue-modification
region of the device against the target tissue by pulling the
tissue modification region distally with a distal handle and by
pulling the tissue modification region proximally with a
proximal handle.

Described herein are bimanually controlled tissue modifi-
cation devices for cutting tissue 1n a patient. In some embodi-
ments, the device may include a tissue modification region; at
least two flexible elongate lengths of cable, wherein the
lengths of cable extend substantially adjacent to each other
proximally to distally; a plurality of rungs extending between
the lengths of cable, wherein the rungs are proximal and distal
to the tissue modification region of the device; a pair of
flexible elongate cutting members extending along the length
of the tissue modification region of the device, wherein each
clongate cutting member has a thickness and the device 1s
configured so that each elongate cutting member cuts a dis-
crete trough into tissue to a depth that 1s greater than the
thickness of the cutting member; an elongate, tlexible, rib-
bon-shaped substrate sized and configured to releasably hold
the cutting members a distance from one another; a pair of
couplers positioned toward an outer edge region of the sub-
strate and configured to releasably secure a cutting member to
the outer edge region of the substrate; and a guidewire coupler
at the distal end of the device configured to engage a tip of a
guidewire.

In some embodiments, the flexible elongate lengths of
cable link adjacent rungs. In some embodiments, the pair of
flexible elongate cutting members and the flexible elongate
lengths of cable are integrally formed. In some embodiments,
cach tlexible elongate cutting member 1s coupled to a flexible
clongate length of cable. In some embodiments, the distal
ends of the flexible elongate lengths of cable are secured
together. In some embodiments, the proximal ends of the
flexible elongate lengths of cable are secured together. In
some embodiments, the elongate cutting members are sub-
stantially parallel to one another. In some embodiments, the
guidewire coupler 1s configured to be coupled to a guidewire,
and wherein the tissue modification region 1s configured to be
actuated by a proximal handle and a In some embodiments,
the guidewire coupler i1s configured such that the device 1s
removably attachable to a proximal end region of a guidewire
such that the tissue modification region can be pulled 1nto
position by pulling on the guidewire while the proximal end
region of the guidewire 1s held stationary by the guidewire
coupler with respect to the device. In some embodiments, at
least one cutting member comprises an elongate wire having
a helical cutting edge along the length of the wire.

In some embodiments, a bimanually controlled tissue
modification device for cutting tissue 1n a patient may include
a tissue modification region; a pair of tlexible elongate cutting
members extending along the length of the tissue modifica-
tion region of the device, wherein each elongate cutting mem-
ber has a thickness and the device 1s configured so that the
cutting members cut a discrete trough 1nto tissue to a depth
that 1s greater than the thickness of the cutting member; an
clongate, {flexible, nbbon-shaped substrate removably
coupled to the elongate cutting members of the tissue modi-
fication region, wherein the substrate 1s sized and configured
to releasaby hold the cutting members a distance from one
another; and a guidewire coupler at the distal end of the device
configured to engage a tip of a guidewire.

In some embodiments, the substrate further comprises a
coupler toward the outer edge region of the substrate and
configured to temporarily secure a cutting member to the
outer edge region of the substrate. In some embodiments, the
substrate 1s s1zed and configured to slide along the length of
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the elongate cutting members. In some embodiments, the
clongate cutting members are substantially parallel to one
another.

In some embodiments, a bimanually controlled tissue
modification device for cutting tissue 1n a patient may include
a tissue modification region; a pair of tlexible elongate cutting
members extending along the length of the tissue modifica-
tionregion of the device, wherein each elongate cutting mem-
ber has a thickness and the device 1s configured so that the
cutting members cut a discrete trough 1nto tissue to a depth
that 1s greater than the thickness of the cutting member; an
clongate, flexible, ribbon-shaped substrate sized and config-
ured to releasably hold the cutting members a distance from
one another; and a pair of couplers, wherein each coupler 1s
positioned toward an outer edge region of the substrate and
cach coupler 1s configured to releasably secure a cutting
member to the outer edge region of the substrate.

In some embodiments, the elongate cutting members are
substantially parallel to one another. In some embodiments,
the substrate 1s further configured to decouple from the cut-
ting members such that the cutting members can cut a discrete
trough 1nto tissue to a depth that 1s greater than the thickness
of the cutting member. In some embodiments, the substrate 1s
decoupled from the cutting members it 1s positioned out of the
plane of the cutting members. In some embodiments, the
substrate decouples from the cutting members as the cutting
members cut through the couplers. In some embodiments, the
substrate decouples from the cutting members as the couplers
slide along the length of the elongate cutting member. In some
embodiments, the couplers comprise a deformable material
s1zed and configured such that the substrate decouples from
the cutting members as the deformable material deforms and
a portion of the substrate moves with respect to the cutting
members.

In some embodiments, the device may further include a
spring, wherein the spring i1s configured to expand as the
substrate decouples from the cutting members. In some
embodiments, the cutting members are sized and configured
to cut a first depth 1nto the tissue while the substrate 1s coupled
to the cutting members and to cut a second, greater depth into
the tissue when the substrate decouples from the cutting
members. In some embodiments, the cutting members are
configured to be actuated by a proximal handle and a distal
handle. In some embodiments, wherein the cutting members
are configured to be reciprocated, wherein they are config-
ured to be pulled distally by a distal handle and are configured
to be pulled proximally by a proximal handle.

In some embodiments, a bimanually controlled tissue
modification device for cutting tissue in a patient may include
a tissue modification region; at least two tlexible elongate
lengths of cable, wherein the lengths of cable extend substan-
tially adjacent to each other proximally to distally; a plurality
of rungs extending between the lengths of cable, wherein the
rungs are located proximal and distal to the tissue modifica-
tion region of the device; a pair of tlexible elongate cutting,
members extending along the length of the tissue modifica-
tionregion of the device, wherein each elongate cutting mem-
ber has a thickness and the device 1s configured so that the
cutting members cut a discrete trough 1nto tissue to a depth
that 1s greater than the thickness of the cutting member; and a
guidewire coupler at the distal end of the device configured to
engage a tip ol a guidewire.

In some embodiments, the device may further include a
clongate, flexible, ribbon-shaped substrate coupled to the
clongate cutting members of the tissue modification region,
wherein the substrate 1s s1zed and configured to temporarily
hold the cutting members a distance from one another. In
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some embodiments, the substrate further comprises a coupler
toward the outer edge region of the substrate and configured
to temporarily secure a cutting member to the outer edge
region of the substrate.

In some embodiments, a bimanually controlled tissue
modification device having a tissue modification region for
cutting tissue 1n a patient may include a pair of flexible elon-
gate cables extending along the length of the tissue modifi-
cation region, wherein at least one of the cables 1s configured
to be a cutting member; and a elongate, tlexible, ribbon-
shaped substrate coupled to the elongate cables of the tissue
modification region, wherein the substrate 1s sized and con-
figured to temporarily hold the one cutting member a distance
from the other cable; wherein the one cutting member 1s
configured to decouple from the substrate such that the cut-
ting member cuts a discrete trough 1nto tissue to a depth that
1s greater than the thickness of the cutting member.

In some embodiments, when the one cutting member 1s
decoupled from the substrate, 1t 1s positioned out of the plane
of the substrate. In some embodiments, the device further
includes a coupler positioned toward an outer edge region of
the substrate, and configured to removably couple the one
cutting member to the outer edge region of the substrate. In
some embodiments, the one cutting member decouples from
the substrate as the cutting member cuts through the coupler.
In some embodiments, the coupler comprises a deformable
maternial sized and configured such that the substrate
decouples from the cutting member as the deformable mate-
rial deforms and a portion of the substrate moves with respect
to the cutting member. In some embodiments, the device may
further include a spring coupled to the substrate and one
clongate cable, wherein the spring 1s configured to expand as
the cutting member cuts a discrete trough 1nto tissue. In some
embodiments, the at least one cutting member 1s sized and
configured to cut a first depth into the tissue while the sub-
strate 1s coupled to the cutting member and to cut a second,
greater depth 1nto the tissue when the substrate decouples
from the cutting member.

In some embodiments, the device may further include a
guidewire coupler distal to the tissue modification region of
the device. In some embodiments, the guidewire coupler 1s
configured to be coupled to a guidewire, and wherein the
tissue modification region 1s configured to be actuated by a
proximal handle and a guidewire. In some embodiments, the
tissue modification region 1s configured to be actuated by a
proximal handle and a distal handle. In some embodiments,
the guidewire coupler 1s configured such that the device 1s
removably attachable to a proximal end region of a guidewire
such that the tissue modification region can be pulled 1nto
position by pulling on the guidewire while the proximal end
region of the guidewire 1s held stationary by the guidewire
coupler with respect to the device. In some embodiments,
wherein the cutting member comprises a cutting wire. In
some embodiments, the cutting member comprises an elon-
gate wire having a helical cutting edge along the length of the
wire.

Also described herein are methods of moditying tissue. In
some embodiments, the methods may include the steps of
passing an elongate, flexible tissue-modification device at
least partially around a target tissue, moving a tissue-modifi-
cation region of the device against the target tissue by pulling
the tissue-modification device from at least one end of the
device; and cutting a single discrete elongate trough 1nto the
tissue with a cutting member, wherein the cutting member 1s
one of a pair of tlexible elongate cables extending along the
clongate length of the tissue modification region, wherein the
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clongate cutting member has a thickness and the elongate
trough 1s cut to a depth that 1s greater than the thickness of the
cutting member.

In general, the tissue-modification devices described
herein include a flexible elongate body having a tissue modi-
fication region. The tissue modification region may include a
plurality of parallel cutting wires. In general, these devices
may also include a guidewire coupler at the distal end region
of the elongate body and a plurality of connected rungs. In
some embodiments, at least some of the rungs may include
one or more cutting edges (e.g., blades), that may project from
the rung. The rungs may be connected by a flexible material,
such as cable, that extends along the length of the device.
These devices are typically configured so that they can be
used in the narrow region of a spinal foramen. Thus, the
devices may be substantially flat. For example, the devices
may be substantially ribbon-shaped. These devices may also
include a distal attachment site for a guidewire. Thus, a
guidewire may be used to pull a device from the distal end of
the device into position, and may also be used to tension the
device so that 1t 1s urged against the tissue.

For example, described herein are bimanually controlled
tissue modification devices for removing tissue from a
patient. In some embodiments, the devices include a flexible
clongate body; a tissue modification region of the elongate
body, the tissue modification region comprising a plurality of
parallel cutting wires distributed across the tissue modifica-
tion region; and a guidewire coupler at the distal end region of
the elongate body.

Also described herein are flexible tissue-modification
devices for removing tissue from a patient. In some embodi-
ments, the devices include a flexible elongate body having an
axial length, a width and a thickness, wherein the axial length
1s greater than the width, and the width 1s greater than the
thickness. In some embodiments, the elongate body includes
a tissue modification region comprising a plurality of parallel
cutting wires distributed across at least a portion of the width
of the elongate body, and a plurality of rungs, positioned
proximal or distal to the tissue modification region, that are
flexibly connected, wherein each rung extends at least par-
tially across the width of the body.

Also described herein are flexible tissue-modification
devices for removing tissue from a patient. In some embodi-
ments, the devices include a flexible elongate cable that
extends from the proximal end of the device to the distal end
of the device and back toward the proximal end of the device;
a rung that extends across at least two parallel portions of the
cable; and at least one cutting edge on least two parallel
portions of the cable.

Also described herein are methods for moditying tissue. In
some embodiments, the methods include the steps of passing
a distal end of a tissue modification device 1n a first direction
toward a target tissue, at least partially around a target tissue,
and away Irom the target tissue, such that a tissue modifica-
tion region on the tissue modification device 1s positioned
adjacent to the target tissue; moving the tissue modification
region against the target tissue by pulling the tissue-modifi-
cation device from at least one end of the device; and cutting
the target tissue with cutting wires of the tissue modification
region of the tissue modification device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D illustrate elements that may be used for
performing the methods described herein; some or all of these
clements (the guidewire of FIG. 1A, neural localization

10

15

20

25

30

35

40

45

50

55

60

65

14

device of FIG. 1C, tlexible wire saw of FIG. 1B, and parallel
wire saw of FIG. 1D) may form a system for cutting tissue.

FIGS. 2-3D show various embodiments of a cutting wire.

FIG. 4 1llustrates a tissue modification device having a
cutting wire.

FIG. 5 1llustrates a method for cutting a lateral portion of a
facet.

FIG. 6A 1llustrates a variation of a method for cutting the
lateral portion of a facet.

FIG. 6B 1illustrates one step of a method for cutting a facet.

FIGS. 7-11 illustrate variations of a tissue modification
device having a pair of elongate cutting members.

FIGS. 12-14B 1llustrate tissue modification devices having,
shaped wires.

FIG. 135 shows another variation of a tissue modification
device having a pair of elongate cutting members.

FIGS. 16 A-18D 1illustrate tissue modification devices hav-
Ing spacers.

FIGS. 19A-19B 1llustrate a variation of a rung of the tissue
modification device having a U-shaped cross section.

FIGS. 20A-20B 1illustrate another variation of a rung of the
tissue modification device having a U-shaped cross section.

FIGS. 21 A-29 1llustrate additional variations of the cutting,
devices and regions of cutting devices described herein.

FIG. 30A 1llustrates a cross-section through one variation
of a facet joint modifying device that includes two bone-
sawing elements.

FIG. 30B illustrates a cross-section through one portion of
the device having a breakable spacer.

FIG. 30C shows a top view of one variation of a facet joint
moditying device configured to perform a facetectomy.

FIGS. 31A-31F illustrate variations of joint treatment
devices. In FIG. 31A, the treatment device includes a front
and a back articulating surface that can be drawn across the
joint surfaces to roughen them; FIGS. 31B-31D show difier-
ent cross-sections through joint treatment devices, and FIG.
31E 1illustrates another vanation of a joint treatment device.
Any of these joint treatment devices may be facet joint treat-
ment devices.

FIG. 32 illustrates a facet joint including the superior and
inferior articulating processes.

FIGS. 33-35 illustrate multiple variations of a tissue modi-
fication device as described.

FIG. 36 illustrates one variation of an expanding mecha-
nism as described.

FIGS. 37-41D illustrate other variations of expanding
mechanisms as described.

FIG. 42 illustrates one variation of a tissue modification
device having a shield as described.

FI1G. 43 1llustrates another variation of a device and method
for modifying tissue as described.

FIG. 44 1llustrates a delivery device as described herein.

FIGS. 45A-46C 1llustrate another variation of a device and
method for moditying tissue.

FIG. 47 1llustrates another variation of a device and method
for modifying tissue.

FIGS. 48-52C show various embodiments of a flexible

tissue modification device including a plurality of cutting
WIres.

FIGS. 533A-53D show various embodiments of a cutting,
wire.

FIGS. 54 A-54C illustrates one variation of an osteotomy.

DETAILED DESCRIPTION

Described herein are devices, systems and methods for
cutting spinal tissue such as bone and/or soft tissue, and
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particularly spinal bone in the dorsal column using a flexible
cutting element that may be passed around the bone. In some
embodiments, these devices, methods and systems may be
used to cut two substantially parallel cuts 1nto tissue without
requiring the removal of the cutting element between cuts.
The methods, devices and systems described herein may be
used as part of a spinal surgical procedure involving a com-
plete or partial removal of spinal bone or joint, such as a
laminectomy, laminotomy, fascetectomy, pediculectomy, etc.

FIGS. 1A-1Dllustrate different elements that may be used
as part of a system for cutting bone as described. FIG. 1A
shows a guidewire 100 that 1s adapted to couple to the distal
end of another device so that the device may be pulled mnto
position using the guidewire. The distal end 101 of the
guidewire may be sharp, and the proximal end may include a
coupling joint 102 (e.g., a ball or other enlarged region that
can be gripped by a coupling member).

FIG. 1B shows one variation of an elongate cutting mem-
ber, such as a cutting wire 103 having an abrasive surface for
cutting tissue, such as soft tissue (e.g. ligament) and/or bone.
Such saw wires (e.g., traditional Gigli saws) may be adapted
for use with a gmidewire. For example, the distal end of the
saw may mclude a guidewire coupler 104. In some variations
the wire 1s thin or flattened. Any appropriate saw or cutting,
clement may be used, including those that cut by reciproca-
tion or by application of energy.

FIG. 1C 1illustrates one varniation of a flexible ribbon-
shaped neural localization device 105. The distal end 106 of
the device 1s substantially flat (not apparent from the figure)
and has flat sides with one or more electrodes 107 along the
surface to stimulate a nerve or neural tissue, if nearby.

FI1G. 1D illustrates another variation of a bone saw device
having two parallel cutting wires 108 that are separated by a
predetermined distance (e.g., 4 mm, 5 mm, 6 mm, 7 mm, 8
mm, 9mm, 10 mm, 11 mm, 12 mm, 13 mm, 14 mm, 15 mm,
16 mm, 17 mm, 18 mm, etc.). The distal end of the device may
be configured for coupling to a guidewire 100. Alternatively,
the device may have an integral flexible guide region 109 at
the distal end of the device so that the device does not need
any additional guidewire/coupler. For example, tlexible guide
region 109 1s shown having a curved shape to demonstrate
that at least a portion of tlexible guide region 109 may be
flexible. The distal portion s preferably flexible in at least one
direction, such that 1t may wrap around a target tissue, while
having suilicient column strength such that the distal end may
penetrate tissue without buckling. In some embodiments, the
distal end may have a sharp distal tip configured to penetrate
and/or pierce tissue. In various embodiments, flexible guide
region 109 may have one or more of around, ovoid, ellipsoid,
flat, cambered flat, rectangular, square, triangular, symmetric
or asymmetric cross-sectional shape. Distal flexible guide
region 109 may be tapered, to facilitate 1ts passage 1nto or
through narrow spaces as well as through small incisions on a
patient’s skin. Distal flexible guide region 109 may be long
enough to extend through a first incision on a patient, between
target and non-target tissue, and out a second incision on a
patient. In some embodiments, the distal end may have a
length greater than or equal to 3 inches such that 1t may extend
from around the proximal end of the stimulation region to
outside the patient where 1t may be grasped by a user and/or
a distal handle. In some alternative embodiments, the distal
end may have alength greater than or equal to 10 inches while
in some other alternative embodiments, the distal end may
have a length greater than or equal to 16 inches. Alternatively,
distal tlexible guide region 109 may be long enough to extend
through a first incision, between the target and non-target
tissue, and to an anchoring location within the patient.
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The cutting wires 108 as described herein may be one of
several variations of cutting wires. In some embodiments, the
cutting wires may have an outer diameter that ranges from 5
to 50 thousandths of an inch, for example. A single wire saw
may include a plurality of wires wrapped around each other at
differing pitches. As shown 1n FIG. 2, wire 202 having a first
diameter, may be wrapped around wire 201 having a second
diameter. As shown, the first diameter may be less than the
second diameter. FIG. 2 illustrates one example of a Gigli
cutting wire. Alternatively, as shown 1n FIGS. 3A-3D, the
cutting wire of the tissue modification device can be one of
several alternative embodiments. For example, as shown 1n
FIG. 3A, the cutting wire may be a second embodiment of a
conventional Gigli wire. A Gigli wire 1s typically made of a
first wire having a first diameter wrapped around a second
wire having a second diameter. Typically, the second diam-
cter 1s larger than the first diameter, but alternatively, they
may have substantially the same diameter, as shown 1n FIG.
3A. In some embodiments, a first set of first and second wires
may be wrapped around a second set of {irst and second wires.
Alternatively, as shown 1n FIG. 3B, the cutting wire may
include a single wire that 1s machined to include a helical or

spiral cutting edge along the length of the wire. This wire may
be machined by cutting a spiral or helical groove along the
length of the wire. As shown 1n FIGS. 3C and 3D, the cutting
wires may be formed by winding bunches of wires. For
example, as shown 1n cross section 1n FIG. 3D, the cutting
wire may comprise a 3 by 3 construction. In this embodiment,
three wires are {irst wrapped around one another to create a
first bunch of wires. Then three sets of those three wire
bunches are subsequently wrapped around each other. As
shown 1n cross section 1n FIG. 3C, rather than 1mitially wrap-
ping three wires together, 6 wires may be wrapped together to
create a bunch of wires and then three sets of the 6 wire
bunches may be wrapped together to form a 3 by 6 configu-
ration. Each 6 wire set may be formed as a 7 wire set might be
formed, but leaving one wire position empty.

As shown 1n FIG. 4, a tissue modification device 400
includes a tissue modification portion 401, a distal end 402,
and a proximal end 403. The tissue modification portion may
include a wire saw configured to cut through bone and/or soft
tissue. The distal end 402 may include a guidewire coupler.
The proximal end 403 may be more rigid than the flexible
tissue modification region 401. The proximal end may be
coupled to a proximal handle used to grasp, position, and/or
reciprocate the tissue modification device.

In operation, the devices described above may be used as
part of a system for cutting bone, as illustrated in FIGS. 5-6B.
In this example, the facet i1s cut laterally, which may be used
as part of a TLIF procedure, for example. FIG. 5 shows an
overview of this method. In this example, two cuts through
the bone are made sequentially. To cut the facet joint as
desired for this procedure, a guidewire 1s first positioned
partially around/against a superior articular process (SAP)
500 that will be cut. The guidewire may be positioned using or
more probes or cannula so that the guidewire enters laterally
from a first position (A) passes through the foramen and
around the SAP 500, and leaves the spine (and exits the
patient) at a second position (A'). Once the gmdewire 1s
positioned, 1t may be used to pull in a neural localization
device to confirm that a nerve (spinal nerve or nerve root) 1s
not between the bone to be cut and the pathway of the
guidewire. Alter confirmation that the nerve 1s not between
the bone and the pathway, a cutting element (e.g., wire saw
1B) may be pulled into position so that both the distal and
proximal ends of the wire saw exit the patient and may be
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pulled upward (in the posterior direction) and reciprocated
laterally to cut the SAP as indicated by the dashed line 501 1n
FIG. 5.

Once the SAP has been cut by the saw, the saw may then be
positioned for the second cut, through the lamina. Optionally,
betfore this cut 1s made, and betfore the wire saw 1s moved to
this location, the lamina may be prepared by notching or
biting away portion of the lamina 502 with a Rongeur or other
device (e.g. forming a laminotomy). For example, in FIG. 5,
the dotted region shows an area 502 that may be bitten away
to form a partial window into the lamina. Once that 1s done,
the cutting element (wire saw) 1s moved 1n the cephalid direc-
tion (down 1n the orientation of FIG. §), so that the ends of the
wire extend 1n the cephalid direction (and across the central
spinal axis). Thus, one end of the saw B 1s present 1n the notch
or window formed 1n the lamina, and the other end B' moves
along the foramen. If desired, the neural localization device
may again be used to confirm that a nerve will not be cut from
this position, e.g., by retracting the guidewire proximally,
removing the cutting element and attaching the neural local-
ization device. Finally, the cutting element may be recipro-
cated to cut through the pars region of the lamina along dotted
line 503. Thereatfter the cut away portion of the bone may be
removed, and other procedures performed as desired.

In the embodiments including two parallel wires, the facet
or target tissue suture may be cut in a single step. For example,
to perform a Facetectomy, the device may be deployed just
cephalad ofthe caudal pedicle. The parallel wires may be held
at the desired width, or the wires may be expanded to the
desired width. The desired width may range from 6 mm-15
mm, depending on the interbody device to be mserted
between the vertebras, for example. In some vanations, the
cephalad wire may be expanded to the desired width. The
device may then be reciprocated across the tissue to cut
through and remove at least a portion of the width of the facet
joint. The device may be reciprocated by alternatively pulling
a proximal end of the device (e.g. proximal handle) and
pulling a distal end of the device (e.g. a distal handle and/or or
guidewire). While one end 1s pulled, the other end may also be
pulled to maintain tension across the device.

FIGS. 6 A and 6B 1illustrate alternative views of the steps
described above. For example, FIG. 6 A shows the steps of
cutting through the SAP 600 (dotted line 601), biting away/
forming a window 602 in the lamina, moving the cutting
clement 1n the caudal direction (arrow 603) and cutting the
pars (dotted line 604). FIG. 6B shows a cross-sectional view
through the spine indicating the cutting of the SAP. As shown,
the cutting wire 600 1s positioned through the foramen and
around the SAP (not shown). The wire will be reciprocated
and pulled 1n the direction of the arrows to cut through the
SAP.

As mentioned above, 1 any of the facet joint procedures
described herein, all or a portion of the facet (e.g., the superior
and/or inferior spinous processes) may be cut. For example, a
procedure for fusing or preparing a facet joint may include a
facetectomy, particularly for TLIF (Transforaminal Lumbar
Interbody Fusion) procedures. The procedure may include a
facet joint treatment device that 1s configured to saw through
bone. For example, the device may include one or more
cable-type saws including a distal end that 1s configured to
couple to the pull wire as described above. As mentioned, a
probe or probes may be used to place the pull wire under the
facet joint. A facet joint moditying device may then be pulled
in under bimanual control. Pulling the facet joint moditying
device dorsally (e.g., by distal/proximal reciprocation) would
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result in the removal of the entire facet joint. This method may
be faster than current methods which involve slow biting with
Rongeur-type devices.

Tissue Modification Device Having Two Elongate Cutting
Members

In some embodiments of the devices, systems and methods
for cutting tissue 1n a patient described herein, a tissue modi-
fication region of a device includes a pair of tlexible elongate
cutting members extending along the length of the tissue
modification region. Each elongate cutting member may be
configured to cut a separate trough into tissue to a depth that
1s greater than the thickness of the cutting member.

In a first embodiment, the tissue modification device (e.g.,
bone saw) may include cutting edges directly coupled to a
cable, as shown 1n FIG. 7, the cable 701 may include cutting
elements 703 such as beads, blades, wires, or other suitable
cutting elements. In some embodiments, the cutting elements
may be crimped onto the wire or attached by other suitable
methods. The cutting cables may cut tissue using an energy
such as heat or radio frequency energy. The energy may
function to desiccate and/or shrink the tissue, rather than
cutting 1t. As shown 1n FIG. 7, a portion of the device may
include cutting cables 701, while a portion of the device
includes spacers or rungs 702 threaded onto cables (with or
without cutting edges on the spacers). The cutting cables and
the cables onto which the spacers are threaded may be the
same or different cables.

As shown 1n FIG. 8, a tissue modification device 800
includes a tissue modification portion 801, a distal end 802,
and a proximal end 803. The tissue modification portion may
include two parallel wire saws 805 configured to cut through
bone and/or soit tissue. The distal end 802 may include a
guidewire coupler. The proximal end 803 may be more rigid
than the flexible tissue modification region 801. The proximal
end may be coupled to a proximal handle used to grasp,
position, and/or reciprocate the tissue modification device.
The proximal end 803 may include a proximal connector
clement 804 that couples the proximal end 803 to the parallel
wire saws 805. In some embodiments, the tissue modification
portion 801 may include a single wire saw that 1s coupled at
one end to the distal end, fed through the proximal connector
clement 804, and coupled at a second end to the distal end.
The cutting wire may be configured to slide through the
proximal connector element and to be movable with respect
to the proximal end 803. FIG. 9 shows the tissue modification
device positioned within a spine. As shown, the surfaces of
the spine about which the device 1s positioned may be uneven.
In some 1nstances, the device may not contact the surfaces of
the spine 1n a balanced way, or may not be taut against the
surface to be cut. As shown i FIGS. 9 and 10, the proximal
connector element (labeled 904 and 1004, respectively)
ensures that the cutting wire can slide through the connector
clement and be repositioned such that both parallel portions
of the cutting wires can be taut against the tissue to be cut.

In an alternative embodiment, as shown in FIG. 11, the
tissue modification device may include a pulley 1101. The
pulley 1s coupled to the cutting wire 1102 and may be posi-
tioned at the proximal and/or the distal end of the tissue
modification device. The pulley may be configured to repo-
sition the cutting wire such that both parallel portions of the
cutting wires can be taut against the tissue to be cut.

As shown 1n FIG. 12, a tissue modification device 1200
includes a tissue modification portion 1201, a distal end 1202,
and a proximal end 1203. The tissue modification portion
may 1nclude two parallel wire saws 12035 configured to cut
through bone and/or soft tissue. The distal end 1202 may
include a gmidewire coupler. The guidewire coupler may be
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coupled to a guidewire (which may be coupled to a distal
handle) and may be used to grasp, position, and/or reciprocate
the tissue modification device. The proximal end 1203 may be
more rigid than the tlexible tissue modification region 1201.
The proximal end may be coupled to a proximal handle used
to grasp, position, and/or reciprocate the tissue modification
device. The proximal end 1203 may include a proximal con-
nector element 1204 A that couples the proximal end 1203 to
the parallel wire saws and the distal end 1202 may include a
distal connector element 12048 that couples the distal end
1202 to the parallel wire saws. In some embodiments, the
tissue modification portion 1201 may include a single wire
saw that 1s fed through the proximal connector element
1204 A and the distal connector element 1204B. The cutting
wire may be configured to slide through the connector ele-
ments. As shown, the connector elements are configured to
hold the cutting wires apart from one another. In some varia-
tions, the wires are held a distance apart that 1s greater than the
mimmum desired width such that 11 some approximation of
the cutting wires 1205 does occur during positioning and/or
reciprocation of the device (due to the geometry and/or or
anatomy of the spine, for example), the wires will still be at
least the mimmimum desired width apart. In some variations,
the connector elements are made from a flexible or shape
memory material such as Nitinol. In this variation, 1f the
connectors are compressed, such that the leg portions of the
connectors are brought closer to one another, the connector
legs will be biased apart and will return to their original
configuration.

In an alternative variation, as shown in FIGS. 13A and 13B,
a tissue modification device 1300 includes a tissue modifica-
tion portion 1301, a distal end 1302, and a proximal end 1303.
The tissue modification portion may include two parallel wire
saws configured to cut through bone and/or soft tissue. The
distal end 1302 may include a guidewire coupler. The
guidewire coupler may be coupled to a guidewire (which may
be coupled to a distal handle) and may be used to grasp,
position, and/or reciprocate the tissue modification device.
The proximal end 1303 may be more rigid than the flexible
tissue modification region 1301. The proximal end may be
coupled to a proximal handle used to grasp, position, and/or
reciprocate the tissue modification device. In some varniations,
the cutting wires are made from a flexible or shape memory
material such as Nitinol. As shown 1n FIG. 13 A, the wires 1n
their equilibrium or biased configuration are held a first dis-
tance A apart. Distance A 1s wider than a minimum desired
width. In this variation, i the cutting wires are compressed,
such that the cutting wires are brought closer to one another,
the cutting wires will be biased apart and will return to their
original, wider configuration. As described, the wires are held
a distance apart that 1s greater than the minimum desired
width such that 11 some approximation does occur, the wires
will still be at least the minimum desired width apart. In
operation, a guidewire may be coupled to distal end 1302 such
that the tissue modification device can be alternatively pulled
by the guidewire and the proximal end of the device. As
shown 1n FIG. 13B, as the device 1s pulled and reciprocated,
it 1s possible that the wires will approximate toward one
another to a width B as the tissue modification portion 1301 1s
clongated. Width B 1s preferably at least as wide as the mini-
mum desired width. In some variations, the device may fur-
ther include a length limiting element 1304. As shown 1n FIG.
13A, the length limiting element 1s flexible and not pulled
taut. In FIG. 13B, as the device 1s pulled and reciprocated, the
tissue modification portion 1301 1s elongated only to the
length of the length limiting element 1304. The length limait-
ing element 1304 1s configured such that the tissue modifica-
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tion portion 1301 cannot be elongated such that width B 1s too
small. Width B 1s preferably at least as wide as the minimum
desired width. Alternatively, 1n some variations width C 1s
preferably at least as wide as the minimum desired width.

In some embodiments, as shown in FIGS. 14A and 14B, the
cutting wire may have a cross section that 1s configured to
limit the flexibility in the orthogonal direction and therefore
limit approximation of the wires. As shown 1n FIG. 14B, the
wider, substantially rectangular cross section 1s less suscep-
tible to an orthogonal load as shown.

Tissue Modification Device Having a Spacer

In some embodiments, a tissue modification region of a
cutting device includes a pair of tlexible elongate cutting
members extending along the length of the tissue modifica-
tion region and also includes a spacer. Each elongate cutting
member may be configured to cut a discrete trough into tissue
to a depth that 1s greater than the thickness of the cutting
member. A spacer may generally span the width between the
two cutting members holding them some predetermined (or
adjustable) distance apart. Since the spacers do not typically
cut the tissue, they may be configured so that they do not
substantially inhibit the cutting gwires or edges from cutting
the tissue. The spacer may be sized and configured to operate
in one of two modes. A first mode, in which the spacer 1s
coupled to the cutting members such that 1t holds a portion of
each of the two cutting members a distance from one another,
and a second mode, 1n which at least a portion of the spacer 1s
moved away from a cutting member to allow the cutting
members to cut further 1nto tissue.

Referring agamn to FIG. 9, in some embodiments, the
uneven or curved surfaces of the spine may cause the elongate
cutting members 901 to approximate at the apex of the curve
and/or the anterior portion of the facet joint, for example. If
the wires approximate to a substantial degree, the width of
tissue cut and/or removed by the device may not be as wide as
desired or required for the specific procedure. For example, 1f
the wires are too close to one another, they may not be able to
cut around the facet joint and the entire facet joint may not be
removed. In these cases, 1t may be advantageous to provide a
tissue modification device further including a spacer, as
described 1n detail below.

FIG. 15 shows another variation of a parallel wire saw, 1n
which the parallel wires 1500 and 1501 are held a minimum
distance apart. Thus, although the device 1s flexible, it 1s
desirable to have the dlstance between cutting wires (and thus
the width of the bone chunk being cut away) a predetermined
length apart. In FIG. 15, one or more spacers 1502 may hold
the cutting wires apart. The spacers may be removed (e.g., by
breaking away or by separating from one side of the device)
during reciprocation, or they may be expandable (but not very
compressible) so that they may allow the cutting regions to
bite into the bone while expanding.

FIGS. 16 A-18D illustrate an alternative embodiment of a
tissue modification device 1600 having a pair of flexible
clongate cutting members 1601 and a spacer 1602. As shown
in FIG. 16A, the tissue modification device includes a distal
end having a tissue modification region and a proximal end
1605 having, in some embodiments, a proximal handle 1604.
The distal tissue modification region includes the pair of
flexible elongate cutting members 1601 and the spacer 1602.
As shown, a gmdewire coupler 1608 may be at the distal end
of the tissue modification device. The guidewire coupler may
be configured to attach to a guidewire (e.g., the proximal end
of a guidewire) so that the device can be manipulated (e.g.
reciprocated), at least in part, by pulling on the guidewire
after the guidewire has been secured to the device. As shown

in FIG. 16 A and 1n greater detail in FIG. 16B, the spacer 1602
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may further include passive restraints 1609 coupled to the
outer edges of the spacer. As shown, portions of these
restraints are coupled to cutting member 1601. These
restraints may function to hold the cutting wires toward the
outer edges of the device and/or prevent the wires from
approximating. As shown, the restraints may not run the
entire length of the tissue modification region of the device.
This may be desirable such that a portion of the cutting wires
1601 are exposed. These exposed wires may provide cutting
action during the mitial reciprocations of the tissue modifi-
cation device against the tissue. As the device 1s pulled back
and forth (1.e. reciprocated) across the tissue, the exposed
portions of the cutting wires 1601 will begin to cut through
the bone and/or soft tissue. In some embodiments, the device
1s pulled “up” (toward the back of the patient) and against the
tissue while the device 1s reciprocated across the tissue. Due
to this upward pressure, the cutting wires will begin to cut into
the tissue and create troughs into the tissue. As the mnitial
troughs are formed 1n the tissue, and the cutting wires move
deeper 1nto the tissue, the cutting wires will eventually detach
from the restraints 1609. In some embodiments, the restraints
are made from an elastic or otherwise deformable material
such that the upper lip (labeled 1707 1n FIG. 17B) of the
restraint can deform to allow the cutting wire to pull out of the
restraint. Alternatively, the cutting wire may cut through or
break off a portion (e.g., the upper lip) of the restraint.
Returning to FIG. 16A, the tissue modification device fur-
ther includes a spring 1603. This spring may function to
couple the shield 1602 to the proximal end 1603 of the tissue
modification device. As the cutting wires 1601 cut into the

tissue, and the spacer 1602 moves away from the cutting
wires, the spring 1603 will stretch and allow the proximal end

of the spacer (labeled 1802 in FIGS. 18A-18C) to move
toward the distal end of the device such that the distal end of
the spacer may bend and move away from the cutting wires
1601. Also, as shown 1n FIG. 16A, the tissue modification
device may optionally include rungs 1607. These rungs may
thread over the wires that run the length of the device. The
rungs may be positioned distal and/or proximal to the tissue
modification region of the device. In some embodiments, the
spacer may be connected to a rung(s) positioned distal to the
tissue modification region.

As shown 1n FIG. 16C, the distal end of the device may
include rungs 1607. Alternatively, as shown 1n FIG. 16D, the
distal end may be a substrate without rungs. In some embodi-
ments, the substrate at the distal end may be an extension of
the spacer 1602, or 1t may be a separate component. In some
embodiments, the wires or cables that extend along the length
of the device, may run though the distal rungs 1607, or alter-
natively, they may stop at the proximal end of the tissue
modification region as shown i FIG. 16D.

FIGS. 17A and 17B 1illustrate 1n detail the passive restraint
1700 at the edge of the spacer as described above. As shown
in FIG. 17A, the restraint includes an upper lip portion that
couples to the cutting wire and temporarily holds the cutting
wire 1n position, a distance from the other cutting wire. The
upper lip defines channel 1703 1n which the cutting wire may
be temporarily held. The restraint may also include a base
portion that may function to couple the restraint 1700 to the
spacer of the tissue modification device. As shown in FIG.
17B, the base portion 1702 of the restraint may define channel
1704. This channel may be s1zed and configured to receive the
outer edge of the spacer. As shown 1n FIG. 16B, the spacer
may include two passive restraints, one coupled to each edge
of the spacer. In some embodiments, the restraint may

extruded or molded and then may be coupled to the spacer
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using adhesive, UV glue, or any other suitable coupling
mechanism. Alternatively, the restraint may be over-molded
directly to the spacer.

FIGS. 18A-18D illustrate 1n detail the components of one
embodiment of the tissue modification device. As shown 1n
FIG. 18A, the tissue modification device includes a spacer
1800 and at least one restraint 1801 coupled to the outer edges
of the spacer. The spacer includes a distal portion 1800 posi-
tioned within the tissue modification region of the device,
adjacent to the cutting wires (labeled 1803 1n FIGS. 18B-
18D), and a proximal portion 1802. In this embodiment, the
distal end of the spacer 1800 1s fixed to the distal end of the
device and the proximal end 1802 1s movably coupled to the
proximal end of the device via a spring (labeled 1808 1n F1IGS.
18C and 18D). In some embodiments, the tissue modification
region of the device may range from 1 c¢m to several inches
long. The tissue modification region 1s prelferably long
enough to reciprocate against and cut through a facet joint, for
example. In some embodiments, a longer tissue modification
region may have the added benefit of increased fatigue life of
the cutting wires due to distributing the cutting load across
longer wires. Alternatively, 1t 1s also desirable to design the
tissue modification region such that 1t 1s not so long that the
cutting wires will approximate toward one another and
adversely aflect the effectiveness of the device.

As shown 1n FIG. 18B, the device further includes cutting
wires 1803. As shown, the cutting wires are positioned (at
least 1n1tially) adjacent to the restraints 1801. In this embodi-
ment, the device may also include cables 1804 toward the
distal end of the device and 1805 toward the proximal end of
the device. As shown, 1n this embodiment, cutting wires 1803
and cables 1804, 1805 are all one continuous cable the runs
from the proximal end to the distal end, through the guidewire
coupler 1806 at the distal end of the device, and back to the
proximal end. In some embodiments, the cutting wire portion
of the cable may include blades or other suitable cutting
edges. In some embodiments, the cutting edges may be
sanded down or otherwise removed from the non-cutting
portions of the cable (1804, 1805). Alternatively, cables 1804,
1805 may be different cables or different materials coupled to
cutting wires 1803. Furthermore, the single continuous cable
may not wrap all the way through the distal end of the device.
Alternatively, a separate cable may loop through the distal
end of the device (rungs 1809 1n FIG. 18D) and the distal end
may be coupled to the tissue modification region of the device
with a separate coupling mechanism. Alternatively there may
not be a cable 1 the distal or proximal ends of the device.

As shown in FIG. 18C, the device may include a proximal
end 1807 and a spring 1808. As described above, the spring
1808 may function to movably couple the proximal end of the
spacer 1802 to the proximal end of the device 1807 such that
the spacer may move with respect to the cutting wires 1803.
As shown 1n FIG. 18D, in some embodiments, the device may
turther mnclude distal rungs 1809 and distal rungs 1810. These
rungs may function to add structure to the device while main-
taining thinness and flexibility.

In some embodiments, as shown 1 FIG. 19A, the spacer
may have a “U” shape (e.g. a rounded or a squared oif
U-shape). The spacer may include two leg portions 1901 and
a base portion 1902. The leg portions may be perpendicular to
the base portion, or may be configured 1n any other suitable
tashion. The leg portions may be substantially straight, or
may have a curved configuration. The spacer may define an
opening 1904 through which a cable 19035 or other connector
may be threaded. In some embodiments, the spacer may
include a cutting edge 1903. The cutting edge may be coupled
to the leg portions of the spacer above the opening 1904. As
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shown 1n FIG. 19B, the U-shaped spacers may function to
allow the legs of the spacers to pass through tissue 1908, such
as ligament and bone, as the cutting edges cut through the
tissue, such that the base portion of the spacer does not catch
on the tissue or otherwise obstruct the cutting of the tissue. As
shown, a number of U-shaped spacers may be coupled to a
cable to form a modification device. In some embodiments,
secondary spacers 1906 may be coupled to the cable between
two adjacent U-shaped spacers. The secondary spacers 1906
may include a cutting edge 1907.

In some embodiments, the leg portions may be flexible. As
shown 1n FIGS. 20A-B, the leg portion 2001 of the U-shaped
spacer may be made from an expandable or stretchable mate-
rial, such that as the cutting edge 2002 cuts through a tissue,
the cutting edges and leg portions may extend turther into the
tissue (FI1G. 20B), while the base portion 2002 remains on the
surtace of the tissue and does not catch on the tissue or
otherwise obstruct the cutting of the tissue.

In some embodiments, the device further includes a sheath
that covers the cutting edges while the device 1s being intro-
duced into a patient. Once the device has been introduced, the
sheath may be removed. In some embodiments, the sheath
turther functions to remove the cut tissue.

In some embodiments, as shown 1n FIGS. 21A-21C, a
spacer element 2101 may be removably coupled to the cutting
wires 2102 of the tissue modification device. The spacer
clement may be coupled to the cutting wires by acombination
of shiding elements 2103 and/or breakaway elements 2104.
The spacer may be flexible, rigid, or semi-rigid. Preferably,
the spacer 1s rigid enough 1n the direction perpendicular to the
width of the spacer to prevent the cutting wires from approxi-
mating closer to one another than a desired width. For
example, a desired width may be 8-15 mm, 1.e. the width of an
interbody device and or the width or thickness of a facet joint.
The spacer 2101 may be tlexible in the longitudinal direction
and less flexible along its width. In some embodiments, as
shown 1n FIGS. 21B and 21C, the spacer may be made of a
s1licone material or other suitable polymer. In use, the spacer
may 1mtially be coupled to the cutting wires by both sliding
clements 2103 toward the ends of the spacer and by break-
away elements 2104 toward the center of the spacer, as shown
in FIGS. 21A and 21B. The breakaway elements may be
slidably attached or fixed to the cutting wires. The spacer 1s
configured to maintain the distance between the cutting wires
while the wires are positioned within the patient and during
the mnitial reciprocations of the tissue modification device
against the tissue. As the device 1s pulled back and forth (1.e.
reciprocated) across the tissue, the exposed portions of the
cutting wires 2102 will begin to cut through the bone and/or
soit tissue. In some embodiments, the device 1s pulled “up”
(toward the back of the patient) and against the tissue while
the device 1s reciprocated across the tissue. Due to this
upward pressure, the cutting wires will begin to cut into the
tissue and create troughs 1nto the tissue. As the cutting wires
cut tissue, they will also cut through the breakaway elements
2104, such that the spacer 1s released from the breakaway
elements, as shown in FIG. 21C. An additional benefit to
cutting troughs, as will be described throughout, 1s that by
burying the cutting elements within the troughs created 1n the
tissue the neural and vascular structures (1.e. non-target tis-
sue) will have limited exposure to the cutting wires. Alterna-
tively, the breakaway elements may release the cutting wires
independently and are not necessarily cut by the cutting
wires. Once the spacer 1s released by the breakaway elements,
the spacer may be permitted to slide along the cutting wires at
the sliding elements 2103. This feature 1s desirable 1n order to
allow the ends of the spacer to slide toward one another along
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the length of the wires such that the center of the spacer moves
away from the cutting wires, as shown 1n FIG. 21C. This
allows the cutting wires to cut deeper into the tissue without
the spacer preventing or blocking the wires from cutting all
the way through the tissue. Additionally, the spacer may be
configured to catch or carry the cut and/or removed tissue 1n
the space created between the spacer and the cutting wires.

FIGS. 22A-22B 1llustrate a side view of an alternative
variation of a spacer between the cutting wires. As shown, the
spacer 2201 1s coupled to the cutting wires (only a single wire
2202 1s shown) via a sliding coupler 2203 and a fixed coupler
2204. Shiding coupler may be located a distance y from the
fixed coupler. Alternatively, both couplers may be slidably
connected to the cutting wire 2202. As the cutting wires are
reciprocated across the tissue, the cutting wires begin to cut
into the tissue creating troughs into the tissue. As the cutting
wires enter deeper 1nto the tissue, the spacer rides along the
outer surface of the tissue (substantially between and/or
below the troughs being cut into the tissue). The spacer must
therefore separate from the cutting wires such that the cutting
wires can continue to cut deeper troughs and move 1nto the
tissue without being restricted by the spacer. The sliding end
2203 of the spacer shides toward the fixed end 2204 of the
spacer such that distance Y 1s reduced to Y' and such that
distance X between the center of the spacer and the cutting
wire increases as shown i FIG. 22B.

As shown1n FIGS. 23A-23C, arigid (or semi-rigid) spacer
2301 may be coupled to the cutting wires 2304 via at least one
flexible portion 2302. The flexible portion 2302 may be fixed
to the cutting wire by coupling element 2303. Coupling ¢le-
ment 2303 may fix the flexible portion 2302 to the cutting
wire 2304, but may alternatively slidably couple the flexible
portion to the cutting wires. As described above, the rigid
spacer 1s configured to hold the cutting wires at a desired
width. The spacer will hold the wires apart while the device 1s
positioned and while the 1initial cutting occurs. As shown in
cross sectional view and axial view 1 FIGS. 23B and 23C
respectively, as the cutting wires 2304 cut deeper into bone
2305 (or other tissue), the tissue (specifically tissue section
2307) prevents the spacer from entering into troughs 2306
formed by the cutting wires 2304. The spacer therelore
“pops” oif of and/or away from the cutting wires 2304,
thereby stretching flexible portion 2302. As shown 1n FIG.
23C, the spacer remains exterior to the target tissue as the
cutting wires cut deeper 1nto the target tissue. For example,
tissue section 2307 may include a facet joint. As the cutting
wires are reciprocated and moved up through the tissue, even-
tually the section 2307 of tissue will be completely cut away
from the remainder of the tissue 2303.

FIG. 24 A 1llustrates a top view of a tissue modification
device, and FIG. 24B 1llustrates a rear view of the same tissue
modification device. The device shown may be inserted into a
spine and around a facet joint, for example, such that the top
portion of the device (FIG. 24A) faces target tissue (e.g. a
facet joint) and the bottom portion of the device (FIG. 24B)
faces non target tissue (e.g. neural or vascular tissue). As
shown 1n FIGS. 24A and 24B, a rigid (or semi-rigid) spacer
2401 may be coupled to the cutting wires 2404 via at least one
flexible portion 2402. As shown, the flexible portion may
extend the length of the tissue modification device such that
the spacer 2401 may be coupled to the back side of the flexible
portion, as shown in FIG. 24B. The flexible portion, 1n this
variation, 1s fixed to the tissue modification device at posi-
tions 2403. As described above, the spacer 1s configured to
hold the cutting wires at a desired width. The spacer will hold
the wires apart while the device 1s positioned and while the
initial cutting occurs. In this variation, the spacer 2401 1s
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coupled to the cutting wires 2404 by breakaway elements
2415. As described above, the breakaway elements may be
slidably attached or fixed to the cutting wires. As the device 1s
pulled back and forth (1.e., reciprocated) across the tissue, the
cutting wires 2404 will begin to cut through bone and/or soft
tissue. In some embodiments, the device 1s pulled “up” (top
side of the device toward the back of the patient) and against
the tissue while the device 1s reciprocated across the tissue.
Due to this upward pressure, the cutting wires will begin to
cut into the tissue and create troughs 1nto the tissue. As the
cutting wires cut tissue, they will also cut through the break-
away elements 2415, such that the spacer 1s released from the
breakaway elements.

In an alternative variation, as shown 1n FIG. 25, the spacer
2501 may include only a single flexible portion 2502. In this
variation, the spacer may be coupled to the cutting wires 2504
at a first end 2508 while the tlexible portion 1s coupled to the
cutting wires 2504 at a second end 2509. As shown, the spacer
2501 1s preferably rigid 1n a first plane (across the width of the
device, 1.e. 1nto the page) such that 1t will prevent approxima-
tion of the cutting wires. The spacer may be flexible 1n a
second plane (along the length of the device) and/or 1n a third
plane (across the thickness of the device, 1.e. up and down
with respect to the figure).

In another alternative embodiment, the rigid or semi-rigid
spacer 2601, as shown in FIGS. 26A-26C 1s removably
coupled to the cutting wires 2604. As shown 1n cross sectional
view 1n FIG. 26 A, as the cutting wires 2604 cut deeper into
bone 2605 (or other tissue), the tissue 2605 prevents the
spacer from entering into troughs 2606 formed by the cutting
wires 2604. The spacer therefore “pops™ oif of and away from
the cutting wires 2604' that are within the tissue 2605. As
shown 1n FIG. 26 A, the spacer 2601 remains exterior to the
target tissue as the cutting wires 2604' cut deeper into the
target tissue. In some variations, the cutting wires 2604 may
be able to slide within the troughs 2612 of the spacer. In this
variation, the spacer may be static (1.e. not reciprocating)
while the wires are reciprocated. The material of the spacer
may be a molded polymer, or alternatively an extruded poly-
mer. The elastic nature of the material would facilitate both
loading and release of the cutting wires.

In yet another alternative variation, as shown in cross sec-
tion 1n FIG. 27A, rather than “popping” off of the cutting
wires 2704, the spacer 2701 1s configured to slide off of the
cutting wires. In some variations, the spacer may not be
removed completely from the tissue modification device, but
may be removed from a portion of the cutting wires to allow
at least a portion of cutting wires 2704 to cut imto and/or
through tissue. In some embodiments, the spacer may bunch
and fold up along the cutting wires rather than sliding com-
pletely away. As shown 1n FIG. 27A, the spacer may further
include coupling elements 2710 that are configured to remov-
ably couple the spacer to the cutting wires 2704. Coupling
clement 2710 may be crimped, welded or coupled to the
cutting wire 1n any suitable fashion. In some variations, the
cutting wires may be replaced by non cutting cables and the
coupling elements 2710 may include cutting edges (not
shown).

FIG. 27B illustrates (in cross section) an alternative
embodiment of a spacer 2705. For example, as shown 1 FIG.
278, the spacer may include cutting ridges 2707. These cut-
ting ridges may extend such that they have a height that 1s
greater than the diameter of the cutting wires 2706. The
cutting ridges may function to hold the cutting wires a dis-
tance apart from one another and prevent the cutting wires
2706 from approximating. The spacer 1s configured to main-
tain the distance between the cutting wires while the wires are
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positioned within the patient and during the mitial reciproca-
tions of the tissue modification device against the tissue. As
the device 1s pulled back and forth (1.e. reciprocated) across
the tissue, the cutting rndges will begin to cut through the bone
and/or soft tissue. In some embodiments, the device 1s pulled
“up” (toward the back of the patient) and against the tissue
while the device 1s reciprocated across the tissue. Due to this
upward pressure, the cutting ridges will begin to cut into the
tissue and create troughs 1nto the tissue. The cutting ridges
may be positioned at discrete locations along the length of the
device. Therefore, as the 1nitial troughs are formed, eventu-
ally, the cutting wires may fall into the troughs and continue
cutting deeper troughs as the spacer moved away from the
cutting wires.

In any of the variations described above, the spacer may
additionally be configured to function as a shield that func-
tions to prevent non-target tissue such as nerves or arteries
from damage while the tissue modification device 1s used to
cut and/or modily tissue within a patient. In some embodi-
ments, the spacer and/or shield may include electrodes and
may be configured to detect neural structures as described in
conjunction with FIG. 1C. Alternatively or additionally, the
spacer and/or shield may be configured to deliver drugs,
haemostatic agents, or other suitable agents. In some embodi-
ments, the spacer and/or shield may be tapered. For example,
the distal end may be narrower than the proximal end such
that the user may pull the device into position. The tapered
nature of the spacer ensures that the surgeon can pull the
device 1n as far as 1s desired before beginning reciprocation,
thereby optimally separating the wires before pulling them
into the tissue. For example, to perform a pedicle to pedicle
Facetectomy, the user may pull the device in until each side of
the device 1s against a pedicle.

In some embodiments, the device may be configured to aid
in the releasing of adhesions. For example, the facet capsule
or bone may be adherent to dura, neural or vascular elements
in the foramen. To facilitate the surgeons’ or users’ ability to
release these potential adhesions and ensure that the facet 1s
free from these vulnerable tissues, one of the following
devices described may be helptul.

In some embodiments, the spacer 1s a slider element 2801
as shown 1n FIG. 28. Slider element 2801 1s coupled to cable
2811 which may be coupled to an actuator (not shown)
located on the proximal portion 2812 of the device, in some
instances, at or near a proximal handle. As the tissue modifi-
cation device 2800 is inserted into and positioned within a
patient, slider 1s positioned toward the center of the tissue
modification portion of the device, e.g. toward the center of
the cutting wires 2804. As shown, the slider 1s positioned a
distance A from the distal end of the cutting wires and a
distance B from the proximal end of the cutting wires. A user
may position the distal portion (distance A) around the target
tissue. Slider 2801 may limait the mitial stroke length of the
reciprocations to substantially the length A. A shorter stroke
length may provide greater control and/or less of a propensity
for the wires to approximate during reciprocation. Once a
user has mnitiated cutting with the cutting wires 2804 and/or
once the cutting wires have formed 1ni1tial troughs 1n the target

tissue, the slider may be slid proximally to increase the stroke

length from length A to a length equal to or less B.

As shown 1n FIG. 29, 1n an alternative variation, the slider
2901 may have a pronged configuration. The slider in this
configuration 1s rigid, at least across the width of the device,
to prevent the wires 2904 from approximating during recip-
rocation. The slider may be pronged such that the pronged
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portions may be inserted into the troughs created by the
cutting wires. As described above, the slider may be coupled
to an actuator.

FIG. 30A 1illustrates a cross-section through one variation
of a facet-joint moditying device that includes two bone-
sawing elements 3002, 3002'. The two saw elements (which
may be cables or surfaces including blades) may be separated
by a spacer 3005. FIG. 30C shows a top view of one variation
of a facet jomnt moditying device configured to perform a
facetectomy. The distal end of the device 1s configured to
couple with the pull wire, as described above. The tissue-
contacting portion of the device may include two parallel
cutting surfaces (which may be cables) 3002, 3002' that are
separated from each other. These two separate cutting sur-
faces may allow two cuts to be made through the facet joint
simultaneously, permitting removal of a portion of the facet
joint. This version of the facet-joint modifying device may
also include one or more spacers 3005. Spacers may prevent
the cutting surfaces from spreading or contracting towards
cach other, particularly 1f the cutting surfaces are cables. In
some variations these spacers may be removable or separat-
ing, so that as the facet joint moditying device cuts the facet
joint, pressure applied as that device 1s reciprocated against
the bone may cause separation, breaking, or removal of the
spacer. FIG. 30B illustrates a cross-section through one por-
tion of the device having a breakable (e.g., frangible) spacer
3005.

Ti1ssue Modification Device Having Single Tissue-Moditying
Surface

Other facet joint modifying devices (including those
shown 1n FIGS. 31A-31E) may include a single tissue-modi-
tying surface, and thus does notneed a spacer. In one variation
of amethod for performing a facetectomy, a cannulated probe
for gmiding a guidewire/pull wire 1s first inserted 1 and/or
around the joint. FIG. 32A illustrates a facet joint 32035
including the superior articulating process (SAP) and inferior
articulating process (I1AP) between the lower 3209 and upper
3207 vertebra. A guidewire/pull wire may be threaded
through, around, or adjacent to the facet joint as indicated
generally by the line 3203. In some variations, the pathway
through the facet joint passes over the top of the superior
articulating process (SAP). In some variations, the pathway
through the facet joint passes under the SAP giving access to
the tip of the SAP. Placement of the guidewire around or
through the facet joint may be aided by distraction of the
spinous process. Thus, 1n some variations, the spinous pro-
cess may be distracted before performing the procedure.

Once the probe has been used to position the guidewrre, 1t
may be removed. As illustrated above, the probe may include
one or a plurality of (concentric) cannula including cannulas
having different curvatures so that the guidewire may be
directed around the joint and pointed toward the appropriate
exit site. The guidewire or pull wire may then be pushed
through the cannula and out of the patient. A distal handle
may then be attached to the distal end of the guidewire to aid
in manipulating the guidewire/pull wire from the distal end.

Next, a treatment device may be pulled 1nto position 1n or
around the joint by coupling the distal end (or end region) of
the joint treatment device to the proximal end of the
guidewire/pull wire. In some variations the treatment device
includes one or more surfaces that are configured to abrade,
scratch or otherwise remove bone to perform a facetectomy.
For example, FIGS. 31A-31FE 1illustrate variations of a treat-
ment device. In FIG. 31A, the treatment device includes a
front and a back articulating surface that can be drawn across
the joint surfaces to roughen them and/or remove bone from
the joint. In this example, the distal end of the device includes
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an attachment/connector site for the guidewire. The proximal
end also 1includes an elongate member and may have a proxi-
mal handle. In some variations the roughening surface 1s
expandable, so that 1t may be pulled into the joint 1n a col-
lapsed or condensed form (protecting non-target tissue), and
once 1n the joint 1t can be expanded to the treatment form. For
example, the device may be inflatable; inflation may expand
the device so that the contact surface(s) can push against the
joint surface(s). Once 1n position, the device can be moved
bimanually within or around the joint to scrape or otherwise
modily the joint to remove bone, by pulling distally and
proximally (e.g., back and forth).

FIGS. 31B-31D illustrate alternative cross-sections for the
1ot treatment devices described. For example, in FIG. 31B,
the device 1s substantially flat, having an upper and lower
surface. As mentioned, this device may be inflatable/expand-
able to 1ncrease (or decrease) the spacing between the upper
and lower surfaces, or to “stiffen” the implant once 1t 1s
expanded. FIG. 31C shows a device having an oval cross-
section, and FIG. 31D shows a device having a round cross-
section. In all of these vanations the devices include ‘teeth’ or
protrusions that are configured to remove or modify bone or
other tissue. In some variations the devices are configure to
abrade, cut, and/or remove cartilage 1in the joint. In some
variations the device 1s configured to abrade cartilage without
substantially cutting or removing bone. In some variations the
device surface 1s configured to abrade cut and/or remove bone
from the joint and or remove the joint all together.

The device may be actuated by moving i1t backwards and
forwards (proximally and distally), by bimanual reciproca-
tion. In some variations, such as that shown 1n FIG. 31E, for
example, the device may also or alternatively be articulated
by rotating 1t axially once it 1s in position in the joint or around
the jo1nt.

Expandable Tissue Modification Devices and Methods

Some variations of the tissue modification devices
described herein include an elongate, tlexible element having
a first width and a second width and a tissue modification
clement coupled to the flexible element. The flexible element
may include an expanding mechanism that expands at least a
portion of the flexible element from the first width to the
second width. Each of these features 1s described and 1llus-
trated 1n greater detail below.

As shown 1n FIG. 33, 1n some embodiments, the tissue
modification device includes an elongate, flexible element
3301 having a first width (not shown) and a second width
(shown). The flexible element has an axial length, a width
(first and second) and a thickness. As shown, the axial length
1s greater than the width, and the width 1s greater than the
thickness. In some embodiments, the first width may be sub-
stantially equal to or less than the thickness and the second
width may be greater than the thickness. The first width 1s
generally smaller than the second width. The flexible element
1s preferably sized and configured such that it may be inserted
into a patient 1n the first width, and then expanded to the
second width 1n order to modily target tissue. For example,
the flexible element may be expanded to the second width 1n
order to wrap around a facet joint such that element 3302 1s on
a first side of a facet joint (such as the superior articular
process (SAP)) and element 3303 1s on a second side of the
facet joint (such as the inferior articular process (IAP)) In
some variations, the device will modily or remove a width of
target tissue that 1s substantially equal to or greater than the
second width of the flexible element. In one specific example,
the first width may be 2-15 mm such that the device may {it
within an interlaminar window of a patient’s spine. The sec-
ond width may be 5-20 mm such that the device may modity
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a width of tissue that 1s 5-20 mm wide such as the facet joint
ol a patient’s spine. In some variations, the second width of
the device may range from 8 to 15 mm such that the user may
then insert an inter body device, such as a cage, through the
opening created to the space between adjacent vertebral bod-
ies. The flexible element may be adjustable to a plurality of
second widths. For example, the flexible element may be
inserted 1nto a patient at a first width and then advanced such
that it 1s adjacent to a target tissue, around a facet joint for
example. The tlexible element may then be expanded until 1t
contacts an adjacent pedicle or other suitable anatomy and
can no longer expand.

The flexible element 3301 may include two tlexible elon-
gate cables 3302 and 3303 that are expandable from the first
width to the second width. The wires may be configured such
that for the first width of the flexible element, the wires are
adjacent to one another and/or substantially touching along
their length. The wires may then be separated from one
another, as shown 1n FIG. 33, such that the flexible element
has a second width. The cables may extend substantially
adjacent to each other from the proximal end of the device to
the distal end of the device. At least a portion of the cable 1s
flexible. Any appropriate cable may be used, including metal
or polymeric cables. Cables may be single-filament or formed
of multiple filaments. The portion of the cable towards the
distal end of the device, as shown 1n this example, may be
hinged or otherwise coupled to a coupling element 3304.
Coupling element 3304 may be configured to recerve an end
ol a guidewire or pull wire, such that tlexible element may be
pulled and/or positioned by the pull wire.

In FIG. 33, the flexible element 3301 of the device 1s joined
to the proximal end of the device 3305, which may be less
flexible, and may include a handle or an attachment region for
a handle. This interface between the flexible cables and the
proximal end and/or handle may be a joint or hinge, or any
other suitable coupling mechanism. The proximal joint near
the proximal end may be a ball joint, in some embodiments,
which allows the rotation of the handle and/or proximal por-
tion of the device with respect to the tissue modification
region and/or flexible element of the device. Thus, the proxi-
mal handle may be rotated along the long axis of the tissue
modification device, but will not substantially torque the tis-
sue modification region of the device. The variation shown 1n
FIG. 33 may also include a proximal connecting region near
the proximal end 33035 of the device to which a handle 1s
attached. This connecting region may be relatively stifl (or
inflexible), or it may also be flexible.

In some embodiments, as described below, the flexible
clement may comprise a balloon or other suitable tlexible
element. In some embodiments, as shown 1n FIG. 34, the
flexible element may comprise a loop of cable, rather than two
separate cables. Cable loop 3401 may be expandable from the
first width to the second width. The cable loop may be con-
figured such that for the first width of the flexible element, two
side portions of the loop are adjacent to one another and/or
substantially touching along their length. The two side por-
tions of the loop may then be separated from one another, as
shown 1n FIG. 34, such that the flexible element has a second
width. The device may further include a pulley 3402 or other
suitable gear or wheel, as shown 1n FI1G. 34, about which the
cable loop may be wound. The pulley may function to expand
the cable loop from the first width to the second width, and or
may function to aid in the reciprocation of the cable loop for
cutting tissue as described below.

The tissue modification device includes a tissue modifica-
tion element coupled to the tlexible element. In a first embodi-
ment, the flexible element includes at least one wire that 1s
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configured to cut tissue or otherwise modify tissue. The wire
may be textured or coated such that 1t 1s adapted to cut tissue.
As shown 1n FIG. 33, the device further includes at least one
cutting edge 3306 coupled to at least a portion of the flexible
clement 3301. In some embodiments, the cutting edge is
crimped onto the cable. The tissue modification device may
include cutting edges directly coupled to a cable, 1t may
include ferrules or beads threaded onto the cables onto which
a cutting edge 1s fixed or integrated, or the device may include
any other suitable cutting edges coupled to the flexible ele-
ment 1 any suitable fashion. The flexible element may
include cutting elements such as beads, blades, wires, or other
suitable cutting elements. As shown in FIG. 33, a portion of
the device may include cutting cables, while a portion of the
device mcludes rungs threaded onto cables (with or without
cutting edges on the rungs). The tissue modification device
may modily or cut tissue by moving the modification ele-
ments against the target tissue. In some vanations, the device
1s reciprocated against the target tissue. In an alternative
embodiment, a first cable of the flexible element 1s moved
against the target tissue 1n a first direction, and a second cable
1s moved against the target tissue 1n a second direction, and
then each cable 1s reciprocated against the target tissue. Alter-
natively, 1n the case of the tlexible element comprising a loop
of cable, the loop may rotate or be driven against the target
tissue, as shown 1n FI1G. 34.

In an alternative embodiment, the tissue modification ele-
ment may modify tissue using an energy such as heat or radio
frequency energy. The energy may function to desiccate and/
or shrink the tissue. Alternatively, the energy may function to
cut the tissue. As shown 1n FI1G. 35, the flexible element may
further include a cutting loop 3500 that functions to cut,
desiccate, and/or shrink the target tissue. In some embodi-
ments, the flexible element 1s coupled to a heating element or
other energy source.

In some embodiments, the tissue modification device
includes an expanding mechanism that expands at least a
portion of the flexible element from the first width to the
second width. In a first embodiment, as shown in FIG. 36, the
flexible element comprises two wires 3601 and 3602 expand-
able from a first width (A) to a second width (B). In some
embodiments, the expanding mechanism further functions to
hold the flexible elements 1n position, 1.e. hold them a dis-
tance apart (the second width) and prevent them from
approximating, particularly while moditying tissue with the
device.

In a first variation, as shown in FIG. 36, the expanding
mechanism 3603 1s coupled between the two wires 3601 and
3602 and separates the wires from a first width to a second
width as the expanding mechanism 1s moved along the length
of the wires. The expanding mechanism may be triangular
shaped or otherwise configured to function 1n a manner simi-
lar to a zipper or ZIP-LOCK bag sliding mechanism. Alter-
natively, as shown 1n FIG. 37, the expanding element may be
an expander rod 3703. The rod may be inserted between the
two wires or cables once the wires are 1n place (1.e. mserted
into a patient and/or adjacent to target tissue), and may be
s1ized and configured to expand the flexible element from a
first width (A) to a second width (B).

In an alternative embodiment, as shown 1n FIG. 38, the
expanding mechanism comprises a first element 3801
coupled to two wires 3802 and 3803 at a first location and a
second element 3804 coupled to the two wires at a second,
distal location. The device may be inserted into a patient
while the wires are a first width apart, and then by moving the
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first element 3801 toward the second element 3804, as shown
in FIG. 38, the wires expand from a first width to a second
width.

As shown 1n FIGS. 39 and 40, the expanding mechanism
may comprise a frame 3900, expandable from a first width
(not shown) to a second width. The frame may be a shape
memory material such as Nitinol or any other shape memory,
shape changing, or super elastic material. The frame may
comprise at least two frame portions (such as wires 3901 and
3902) that are expandable from a first width to a second width.
In a first embodiment, as shown 1n FIG. 39, the frame may
turther include a mesh 3903 or other material coupled to the
frame between the frame portions. The mesh may function to
capture and/or remove cut or modified target tissue, such as a
facet joint. In some embodiments, the frame may not com-
pletely encircle the mesh material, for example, the frame
may comprise a distal end and a proximal end, each with an
expandable fork structure.

As shown in FIG. 40, the frame may further include a
sleeve 4001 coupled to the frame 4000. The sleeve may have
a width substantially equal to the first width of the flexible
clement, such that the frame may be 1nserted into the sleeve
and held at a first width. The sleeve may then be pulled back
(shown 1n FIG. 40 1n the pulled back position) to allow the
frame to separate. When removing the device after moditying
tissue, the frame 1n some embodiments, may be configured to
grab the modified target tissue 4002 as the frame retracts
(shown by arrows 4003) and pull the tissue back with the
frame 1nto the sleeve 4001 for easy removal of the tissue.

As shown 1n FIGS. 41A and 41B, 1n some embodiments,
the expanding mechanism 1s a balloon 4100. The device in
this configuration may have cutting blades 4101 coupled to
the side portions of the balloon such that the blades may cut a
width of tissue substantially equal to the width of the balloon
in 1ts inflated or expanded configuration. In this embodiment,
the balloon may further include hook 4102 configured to
capture soit tissue, such as ligament, for example.

As shown 1 FIGS. 41C and 41D, the expanding mecha-
nism may be actuator 4103 (FIG. 41B) or actuator 4104 (FIG.
41C). In a first vanation, as shown in FIG. 41C, the actuator
4103 1s a spring or piston that expands and contracts to move
the tlexible element 41035 from a first width to a second width
(shown). In a second variation, as shown m FIG. 41D, the
actuator 1s wire 4104 made from a shape memory material
such as Nitinol or any other shape memory, shape changing,
or super clastic material. The wire may be coupled to the
flexible element 4105 as shown and 1s expandable such that 1t

moves the flexible element from a first width to a second
width (shown).

As shown 1n FIG. 42, the device may include a shield 4200
coupled to the flexible element. The shield may be coupled to
the flexible element 4201 such that while the flexible element
1s adjacent to the target tissue, the shield protects the adjacent
non-target tissue, such as neural tissue, and/or may collect the
tissue cut and/or modified by the device. In some embodi-
ments, the flexible element functions to slide distally and
proximally within or over a substantially stationary shield. In
some embodiments, the shield may function to contact and/or
engage with and remove tissue (for example, a facet joint) cut
and/or modified by the device. In some embodiments, as
shown 1n FI1G. 42, the flexible element comprises two wires
4202 and 4203 coupled to a shield and held a distance apart
from one another. The shield 1s coupled adjacent to the bottom
surface of the flexible element and 1s s1zed and configured to
maintain the width of the flexible element by preventing the
cables from approximating toward one another while modi-
fying tissue.
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In some embodiments, the device may include a tracking
clement. For example, a tracking element may be disposed 1n
the distal end of the device, such that the tip of the device may
be tracked as 1t 1s inserted nto a patient and/or moved within
the patient. Alternatively, the device may include multiple
tracking elements disposed along the length of the device, or
multiple tracking elements disposed along a portion of the
length of the device (for example along the cutting region of
the device). In some embodiments, the tracking element 1s a
material that 1s detectable by an imaging system. Some
examples of suitable tracking elements include echogenic
materials or substances (1.e. configured to form an echogenic
surface) detectable by an ultrasound system, and radio-
opaque materials detectable by a radiograph system, such as
a fluoroscope. Alternatively, the tracking element may be
configured to be detectable by an MRI or Infrared system. In
some embodiments the tracking element 1s preferably a coil
configured to be detected by an electromagnetic tracking or
navigation system. For example, the devices described herein
may incorporate a tracking system such as the AXIEM™
Electromagnetic Tracking Technology, e.g., the StealthSta-
tion® AXIEM™ (Medtromic Navigation, Louisville, Colo.
USA). In some embodiments, the device 1s configured to
generate an electromagnetic field around a patient’s target
anatomy that can be tracked to triangulate the positioning of
devices having tracking elements.

As mentioned above, any of the devices described herein
may include a guidewire coupler. A guidewire coupler 1s
configured to attach to a gmdewire (e.g., one end of a
guidewire) so that the device can be manipulated, at least 1in
part, by pulling on the gmidewire after the guidewire has been
secured to the device. For example, 1n some variations a
guidewire may be mserted into the body from a first location
outside of the body, then passed around the target tissue (e.g.,
around a spinal foramen) and out of the body from a second
position. The distal end of the guidewire may then be coupled
to the tissue modification device (such as the one shown in
FIG. 33) and pulled through the body until the tissue modi-
tying region of the device, e.g., the portion of the device
including tissue modification elements 3306, 1s positioned
opposite the target tissue. In some variations the guidewire
used includes a tip region that 1s enlarged and may engage the
guidewire coupler. For example, the guidewire may have a
proximal end with a flange or ball. This enlarged region may
be configured to fit into an opeming on the guidewire coupler
so that the guidewire can be pulled distally from outside of the
patient. In some variations the distal end of the device may be
completely withdrawn, so that it can be grasped and manipu-
lated. In other variations, the distal end of the tissue-modifi-
cation device remains coupled to the guidewire, and the
guidewire may be grasped to manipulate the distal end of the
tissue-modification device. A handle may be attached to the
guidewire. As mentioned, in operation, the device 1s urged
against the target tissue and may be moved 1n the proximal/
distal direction to modity (e.g., cut) the target tissue. For
example, both the proximal and distal ends of the tissue-
modification device may be pulled to urge the device against
the target tissue, and may each be alternately pulled to a
greater degree than the other handle to slide the device over
the target tissue, allowing the cutting edges to cut and modify
the target tissue.

For example, a guidewire coupler may include an opening,
and/or channel to recerve an enlarged or necked region at the
proximal end of the guidewire. This configuration may be
similar to the “trailer hitch” configuration described in many
of the references previously incorporated by reference.
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The methods for modifying tissue described herein typi-
cally include one or more of the following steps: inserting an
clongate, flexible element having a first width; advancing the
flexible element until a portion of the flexible element 1is
adjacent to a target tissue; expanding at least the portion the
flexible element adjacent to the target tissue to a second
width; and moditying the target tissue with the tlexible ele-
ment. A method for moditying tissue may include one or
more of these steps 1n any combination. Each of these steps 1s
described and illustrated in greater detail below.

The inserting functions to bring the device into position.
The nserting step may further include inserting the device
into a patient, and more specifically ito the spine of a patient,
for example. In some variations, the device may be nserted
through an interlaminar window of a patient’s spine. In this
variation, the flexible element 1s preferably configured 1n the
first width. The first width may be equal to or smaller than the
space defined by two adjacent lamina (1.¢. the interlaminar
window). Once 1nserted, the device may be advanced into
position. The device may be moved until it 1s adjacent to the
target tissue. In some embodiments, the advancing step fur-
ther includes the steps of passing a guidewire at least partially
around the target tissue and pulling the device around the
target tissue using the guidewire, such that the flexible ele-
ments and/or cutting element are adjacent to the target tissue.
In some embodiments, the guidewire 1s coupled to the
guidewire coupler at the distal portion of the device. The
inserting and advancing steps may be performed while the
flexible element 1s configured in the first width. This allows
the device to be smaller and more maneuverable such that it
may fit through and around tight anatomical spaces and loca-
tions.

Once the device 1s positioned correctly within the patient,
it may be desirable to expand the flexible element from the
first width to the second width. The expanded width (second
width) 1s wider than the first width, and allows the cutting,
clements coupled to the flexible element to modify a wider
and/or larger portion or area of target tissue. In some embodi-
ments, the second width may be substantially equal to (or
slightly smaller than) the width of a facet joint, the width of
the neural foramen of a patient’s spine, and/or the width of an
interbody fusion device. In some embodiments, the second
width may be substantially equal to (or slightly smaller than)
the distance from a first pedicle to an adjacent pedicle. Once
the device 1s expanded, the wider device may be used to
modily target tissue.

In some embodiments, the modifying step further includes
moving the flexible element across the target tissue. The
flexible element may be moved through or over the target
tissue. The flexible element may also be reciprocated or
moved back and forth across the target tissue 1 order to
modily an area of target tissue. The modification elements
may be reciprocated between a distal position and a proximal
position. The device may be reciprocated by applying tension
to both the proximal end and the distal end of the device to
drive the flexible element and/or tissue modification elements
against the target tissue.

In some embodiments, moditying target tissue may include
cutting a width of tissue, such as a facet joint, having a width
substantially equal to the second width of the flexible ele-
ment. As shown 1 FIG. 43, methods for modifying tissue
described may alternatively include one or more of the fol-
lowing steps: inserting a first elongate, tlexible element 4300
into the patient at a first location; advancing the first tlexible
clement until a portion of the flexible element 1s adjacent to a
target tissue; inserting a second elongate, tlexible element
4301 into the patient at the first location, a distance from the
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first flexible element; and modifying the target tissue with the
flexible elements. A method for modifying tissue may include
one or more of these steps 1n any combination. Each of these
steps 1s described and illustrated 1n greater detail below.

In some embodiments, the iserting a second flexible ele-
ment step further includes mserting a second flexible element
a distance from the first flexible element, wherein the distance
1s substantially equal to the width of the facet joint. Alterna-
tively, the inserting a second flexible element step may further
include 1nserting a second tlexible element a distance from
the first tlexible element, wherein the distance 1s substantially
equal to the width of an interbody fusion device. Once
inserted, the two flexible elements may be coupled to a distal
handle 4302 and/or a proximal handle 4303. The method may
turther include the steps of coupling the distal end of the first
flexible element to a distal handle and then coupling the distal
end of the second flexible element to the distal handle.

These steps have the benefit 1n that the single flexible
clement may be inserted and easily maneuvered indepen-
dently through tight anatomical sites and locations. By then
iserting a second flexible element (which 1s also easily
maneuvered independently) at an angle to or a distance from
the first flexible element such that the tissue modification
portions of the flexible elements are adjacent to one another
and a distance apart (e.g. a distance substantially equal to the
width of the facet joint or the width of an interbody fusion
device) and may modify a portion of tissue substantially equal
to that distance. In some embodiments, the two flexible ele-
ments function to cut a strip of target tissue having a width
substantially equal to the distance between the flexible ele-
ments.

Delivery Devices and Methods

FIG. 44 1llustrates an embodiment of a delivery device for
delivering a tissue modification device for removing tissue
from a patient. In some embodiments, the device includes a
ribbon shaped flexible elongate body 4401 having a width
defined by a first edge 4402 and a second edge 4403. In some
embodiments, the first and second edges are substantially
parallel. The device may also include a first channel disposed
along a portion of the length of the elongate body, positioned
toward the first edge of the elongate body, and a second
channel disposed along a portion of the length of the elongate
body, positioned toward the second edge of the elongate body.
As shown, the channels may be made up of elements 4404 and
4405. Alternatively, the channels made comprise a single
tubular element (not shown). The channel 1s sized and con-
figured to recerve two elongate cutting members 4406. In
some embodiments, the device may also include a guidewire
coupler (not shown) at the distal end region of the elongate
body 4401.

Also described herein are methods for delivering tissue
modification devices for removing tissue from a patient. In
some embodiments, the methods include the steps of isert-
ing an elongate, tlexible shield 4401 into the patient at a first
location; advancing the shield until a portion of the shield 1s
adjacent to a target tissue; mserting a first elongate, flexible
cutting element 4406 through the shield until a portion of the
first cutting element 1s adjacent to a target tissue; inserting a
second elongate, flexible cutting element 4406 through the
shield, a distance from the first cutting element and substan-
tially parallel to the first cutting element, until a portion of the
second cutting element 1s adjacent to a target tissue; and
moditying the tissue with the flexible elements.

In some embodiments, the methods include the steps of
inserting a first elongate, tlexible cutting element 4406 until a
portion of the first cutting element 1s adjacent to a target
tissue; advancing an elongate, flexible shield 4401 into the
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patient, wherein a portion of the shield 1s advanced over the
first elongate, flexible cutting element; nserting a second
clongate, flexible cutting element 4406 through the shield, a
distance from the first cutting element and substantially par-
allel to the first cutting element, until a portion of the second
cutting element 1s adjacent to a target tissue; and moditying
the tissue with the tlexible elements. In some embodiments,
the methods further include the step of removing the shield
4401 from the patient while leaving the cutting elements 1n
position within the patient.
Tissue Modification Device Having at Least One
Cutting Member

Described herein are devices, systems and methods for
cutting spinal tissue such as bone and/or soit tissue, and
particularly spinal bone in the dorsal column using a flexible
cutting element that may be passed around the bone. In some
embodiments, these devices, methods and systems may be
used to cut a single cut mto tissue. The device may include a
spacer to aid in positioming the single cutting element within
the spine. For example, the device may be positioned through
a neural foramen and around a facet joint. The spacer may be
positioned within the foramen while one of the outer edges
may be positioned against the caudal pedicle. The cutting
member may be held at the opposite outer edge of the spacer
and therefore may be positioned to cut into the Superior
Articular Process (or more specifically the cephalad tip of the
SAP) of the facet joint. In some alternative methods, the outer
edge of the spacer may be positioned at the cephalad pedicle
and the cutting member may be positioned caudal from there.
The methods, devices and systems described herein may be
used as part of a spinal surgical procedure involving a com-
plete or partial removal of spinal bone or joint, such as a
decompression, a laminectomy, laminotomy, fascetectomy,

pediculectomy, etc.

FIGS. 45A and 45B 1illustrate an alternative embodiment of
a tissue modification device having a pair of flexible elongate
cables, one being a cutting member 4502 and one being a non
cutting cable 4501, and a spacer 4500. As shown in F1G. 45A,
the tissue modification device includes a distal end having a
tissue modification region and a proximal end having, in
some embodiments, a proximal handle. The distal tissue
modification region includes the pair of flexible elongate
cables and the spacer. As shown, a guidewire coupler 4504
may be at the distal end of the tissue modification device. The
guidewire coupler may be configured to attach to a guidewire
(e.g., the proximal end of a guidewire) so that the device can
be manipulated (e.g. reciprocated), at least in part, by pulling,
on the guidewire after the guidewire has been secured to the
device. As shown 1n FIG. 45A, the spacer (or substrate) may
turther include a passive restraint 4505 coupled to one of the
outer edges of the spacer. As shown, portions of this restraint
are coupled to the cutting member. These restraints may func-
tion to hold the cutting wire toward the outer edge of the
device and/or prevent the cables from approximating. In some
embodiments, the non-cutting cable may be fixed to the sub-
strate or may be held 1n position with a restraint. The restraint
on the non-cutting cable may not release the cable such that
the cable will remain with the substrate and will not cut and
move through tissue as the cutting member will.

As shown, the restraints may not run the entire length of the
tissue modification region of the device. This may be desir-
able such that a portion of the cutting wire 1s exposed. These
exposed wire portion(s) may provide cutting action during the
initial reciprocations of the tissue modification device against
the tissue. As the device 1s pulled back and forth (i.e. recip-
rocated) across the tissue, the exposed portions of the cutting,
wire will begin to cut through the bone and/or soft tissue. In
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some embodiments, the device 1s pulled “up” (toward the
back of the patient) and against the tissue while the device 1s
reciprocated across the tissue. Due to this upward pressure,
the cutting wire will begin to cut into the tissue and create a
trough 1nto the tissue. As the initial trough 1s formed in the
tissue, and the cutting wire moves deeper into the tissue, the
cutting wire will eventually detach from the restraint. In some
embodiments, the restraint 1s made from an elastic or other-
wise deformable material such that the upper lip of the
restraint can deform to allow the cutting wire to pull out of the
restraint. Alternatively, the cutting wire may cut through or
break off a portion (e.g., the upper lip) of the restraint.

In some embodiments, a right sided and a left sided device
may be made having the cutting member on the right and left
sides of the device respectively. Alternatively, the cutting
member may be positioned along the center portion of the
device such that a single device may be used on both sides of
the spine.

As shown 1n FIG. 45B, the tissue modification device fur-
ther includes a spring 4503. This spring may function to
couple the substrate and the non-cutting cable to the proximal
end of the tissue modification device. In some embodiments,
the non-cutting cable may be coupled to the spacer and not
coupled to the spring. As the cutting wire cuts into the tissue,
as shown 1 FIGS. 46 A-46C, and the non-cutting cable and
the spacer moves away from the cutting wire, the spring will
stretch and allow the proximal end of the non-cutting cable
and the spacer to move toward the distal end of the device
such that the distal end of the spacer and non-cutting cable
may bend and move away from the cutting wires. In some
alternative embodiments, the tissue modification device may
include a single cutting member while not including a non-
cutting cable.

The cutting member may cut through a portion of a Supe-
rior Articular Process (SAP) of the facet joint. In some
embodiments, 1t may be desirable to not cut all the way
through the SAP and 1n this case, 1t may be necessary to use
a tool to push the cutting member back out of the SAP. In
some embodiments, an additional tool (such as a Rongeur)
may be used to break the remaining portion of the SAP and/or
to remove the cut portion of the SAP from the remainder of
the SAP. In some embodiments, once the SAP (or a portion
thereol) 1s removed, a flexible tissue modification device,
such as a shaver device, may be positioned within the foramen
of the spine and reciprocated against the target tissue to per-
form a decompression.

Tissue Modification Device Having a Plurality
ting Members

In some alternative embodiments, the single cut may be
accomplished with a device having a single cutting member
and no spacer. As shown in FIG. 47, the device may include
multiple cutting wires 4702. As shown, the wires may be
arranged 1n a side by side configuration. This device may cut
a trough 1nto the tissue having a width equal to the width of the
multiple cutting wires. This may be beneficial 1n that the
width of the guidewire coupler 4704 may be less than the
wide of the multiple cutting wires. Therefore, once the wires
have cut into the tissue, the device may be unhooked and
pulled back through the wider trough 1n the tissue. In an
alternative variation, the device may include a single wire
having a width greater than the guidewire coupler. In some
embodiments, the device may include abrasion elements on
the spacer to help hold the position on the spacer with respect
to the bone while the cutting member initiates the trough. For
example, the spacer may include blades or other abrasive
particles that will dig into or catch onto the bone such that the
cutting member will not slide off of the SAP for example.

Elongate Cut-
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Alternatively, the non-cutting cable may include some abra-
stve or cutting elements such that 1t can catch onto bone to
hold the device 1 place while the cutting member initiates the
trough 1n the tissue.

Various embodiments of tissue modification devices and
systems, as well as methods for making and using tissue
modification devices and systems, are provided herein. In
general, a flexible tissue-modification device as described
herein 1s configured to remove tissue from a patient. In par-
ticular, these tissue-modification devices may be configured
to decompress spinal stenosis. These devices typically
include a tlexible elongate body that extends proximally to
distally (proximal/distal), and 1s configured to be inserted into
a patient so that 1t extends around the target tissue, so that 1t
can be bimanually pulled against the target tissue by applying
tension to either end of the device. Thus, the device may be
extended into, through, and/or around a spinal foramen. The
device 1s tlexible 1n at least one plane. For example, in varia-
tions 1n which the device has an elongated ribbon shape that
1s long and flat with a width greater than the thickness, the
device includes a first major surface (e.g., a front) and a
second major surface (aback), and has edges (minor surfaces)
between the first and second major surfaces. The first major
surface may be referred to as the anterior or front surface and
the second major surface may be referred to as the posterior or
back surface. The devices described herein may be flexible
along the anterior and posterior surfaces, and the anterior or
front surface may include one or more cutting edges config-
ured to cut tissue as the anterior surtace of the device 1s urged
against a tissue. The posterior surface may be configured to
shield or protect non-target tissue.

Although much of the following description and accompa-
nying figures generally focuses on surgical procedures in
spine, 1 alternative embodiments, devices, systems and
methods of the present mvention may be used 1 any of a
number of other anatomical locations in a patient’s body. For
example, in some embodiments, the flexible tissue modifica-
tion devices of the present mvention may be used 1n mini-
mally invasive procedures in the shoulder, elbow, wrist, hand,
hip, knee, foot, ankle, other joints, or other anatomical loca-
tions 1n the body. Stmilarly, although some embodiments may
be used to remove or otherwise modily ligamentum flavum
and/or bone 1n a spine to treat spinal stenosis, 1n alternative
embodiments, other tissues may be modified to treat any of a
number of other conditions. For example, in various embodi-
ments, treated tissues may include but are not limited to
ligament, tendon, bone, tumor, cyst, cartilage, scar, osteo-
phyte, inflammatory tissue and the like. Non-target tissues
may 1nclude neural tissue and/or neurovascular tissue 1n some
embodiments or any of a number of other tissues and/or
structures 1n other embodiments. In one alternative embodi-
ment, for example, a flexible tissue modification device may
be used to 1ncise a transverse carpal ligament 1n a wrist while
inhibiting damage to the median nerve, to perform a mini-
mally invasive carpal tunnel release procedure. Thus, various
embodiments described herein may be used to modify any of
a number of different tissues, 1n any of a number of anatomi-
cal locations in the body, to treat any of a number of different
conditions.

In some embodiments, as shown 1n FIGS. 48-51C, a flex-
ible tissue-modification device as described herein includes a
flexible elongate body having a tissue modification region
and a guidewire coupler at the distal end region of the elon-
gate body. As shown, the tissue modification region may
include a plurality of parallel cutting wires distributed across
the tissue modification region. In some embodiments, a tlex-
ible tissue-modification device as described herein includes a
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flexible elongate cable that extends from the proximal end of
the device to the distal end of the device and back toward the
proximal end of the device, and as shown, there may be at
least one cutting edge on least two parallel portions of the
cable—to make up the tissue modification region. Further-
more, the tissue modification device of this embodiment may
include a rung that extends across at least two parallel por-
tions of the cable.

As shown 1n FIG. 48, a tissue modification device as

describe herein may include a tlexible elongate body 200
having a tissue modification region 201 and a guidewire cou-
pler 202 at the distal end region of the elongate body. As
shown, the tissue modification region may include a plurality
of parallel cutting wires 203 distributed across the tissue
modification region. In this embodiment, the cutting wires
203 run proximally and distally along the length of the tissue
modification region 201. The cutting wires are arranged such
that they are coupled to the device 1n a side by side configu-
ration across the width of the elongate body. In an alternative
embodiment, not shown, the cutting wires may be arranged
such that they are 1n a side by side conﬁguration along the
length of the tissue modification region and such that the
wires run perpendlcularly to the length of the elongate body.
The cutting wires may be configured in any other suitable
arrangement such that they form a substantially ribbon
shaped tissue modification region. A ribbon shape may be
defined 1n some instances as having a length that 1s greater
than the width, while the width 1s greater than the thickness.
As shown 1n FIG. 49, the tissue modification device
includes a cutting wire 303 that 1s folded 1nto a serpentine
configuration such that 1t runs back and forth across the tissue
modification region 301 of the device. In some embodiments,
the tissue modification device may include two or more cut-
ting wires that are each folded 1nto a serpentine configuration
such that they each run back and forth across the tissue modi-
fication region of the device. In thus embodiment, a first
folded cutting wire may be positioned 1n a side by side con-
figuration to an adjacent folded cutting wire. As shown, the
tissue modification region 1s made up by multiple portions of
the cutting wire that are arranged parallel to one another 1n a
side by side configuration. The wire may be configured such
that each parallel portion of the wire 1s positioned at a distance
from the adjacent portion of wire. This may allow cut tissue to
pass through between the wire portions of the device. As
shown, the cutting wire may be thread through a rung or rungs
304 as described in greater detail below. In some embodi-
ments, the cutting wire may function to connect the rungs and
other portions of the tissue modification device together.
Alternatively, as described 1n greater detail below, the device
may include a separate connector, such as a cable, to connect
the rungs and other elements of the device. In some embodi-
ments, the cutting wire may include cutting edges 305 along
the entire length of the cutting wire. Alternatively, as shown in
FIG. 49, the cuttmg edges may only be located on the portlons
of the cutting wire within the tissue modification region 301

= .

of the device.

As shown 1n FIGS. 50A and 50B, the tissue modification
device may further include a spacer 406 within the tissue
modification region 401, which may function to control the
spacing between the parallel portions of the cutting wire(s)
403. FIGS. 50A and 350B 1llustrate an open spacer configura-
tion, 1n which the spacer 406 only partially surrounds the
circumierence of the cutting wire(s) 403. An alternative
embodiment 1s shown 1n FI1G. 52C. As shown, the spacer 506
may surround the circumierence of each cutting wire section

503.
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In some embodiments, the spacer(s) 406 may be coupled to
a substrate 407 positioned below or behind the cutting wires
of the tissue modification region. The substrate, 1n some
embodiments, may function to protect or shield non-target
tissue, such as vessels or neural tissue. The spacers may be an
integral portion of the substrate or may alternatively be con-
nected, such as welded, to the substrate.

As shown 1n FIG. 51, the substrate or shield may further
include slots or apertures 308. The apertures may function to
allow the cut tissue to pass through the tissue modification
region of the device. As described above, the tissue modifi-
cation device may further include a spacer 506 within the
tissue modification region, which may function to control the
spacing between the parallel portions of the cutting wire(s)
503. In some embodiments, the spacer(s) 506 may be coupled
to a substrate 507 positioned below or behind the cutting
wires of the tissue modification region.

As shown 1 FIGS. 52A and 52B, the substrate 507 may

include a tissue capture region 509. In some embodiments,
the tissue capture region 509 may be a trough(s) or groove(s)
configured to collect tissue between the cutting wires 503 and
the substrate 507. In some embodiments, the substrate 507
may be spring loaded, via spring 510, to the proximal end (or
distal end alternatively) of the device such that as the tissue
capture region fills with tissue that substrate may move away
from the cutting wires and increase the area between the
cutting wires and the substrate to allow for increased tissue
collection.

As shown 1n FIGS. 53A-53D, the cutting wire of the tissue
modification device can be one of several embodiments. For
example, as shown 1n FIG. 53A, the cutting wire may be a
conventional Gigli wire. A Gigli wire 1s typically made of a
first wire having a first diameter wrapped around a second
wire having a second diameter. Typically, the second diam-
cter 1s larger than the first diameter, but alternatively, they
may have substantially the same diameter. In some embodi-
ments, a first set of first and second wires may be wrapped
around a second set of first and second wires. Alternatively, as
shown in FIG. 33B, the cutting wire may include a single wire
that 1s machined to include a helical or spiral cutting edge
along the length of the wire. This wire may be machined by
cutting a spiral or helical groove along the length of the wire.
As shown 1n FIGS. 53C and 53D, the cutting wires may be
formed by winding bunches of wires. For example, as shown
in cross section in FI1G. 53C, the cutting wire may comprise a
3 by 3 construction. In this embodiment, three wires are
wrapped around one another. Then three sets of those three
wire wraps are subsequently wrapped around each other. As
shown 1n cross section 1 FIG. 53D, rather than mitially
wrapping three wires together, 6 wires may be wrapped
together and then three sets of 6 may be wrapped together to
form a 3 by 6 configuration. Each 6 wire set may be formed as
a 7 wire set might be formed, but leaving one wire position
empty.

Various embodiments of tissue modification devices and
systems, as well as methods for making and using tissue
modification devices and systems, are provided herein. In
general, a flexible tissue-modification device as described
herein 1s configured to remove tissue from a patient. In par-
ticular, these tissue-modification devices may be configured
to perform tissue removal such as a Facetectomy. These
devices typically include a flexible elongate body that extends
proximally to distally (proximal/distal), and 1s configured to
be 1nserted mto a patient so that 1t extends around the target
tissue (such as a facet joint of the spine), so that it can be
pulled against the target tissue by applying tension to either
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end of the device. Thus, the device may be extended mto or
through a spinal foramen, and/or around a spinal facet joint.

In one exemplary method of use, the device may be used to
create a facetectomy. For example, the facetectomy may be
created 1n anticipation of performing a spinal fusion. Alter-
natively, the device may be used 1n a surgical treatment for
straightening a patient’s spine that includes performing mul-
tiple posterior osteotomies (or facetectomies) to straighten a
spine to normal degrees of kyphosis. This procedure may be
known as a “Smith-Peterson” or “Ponte Osteotomies”. Nor-
mally the vertebra contact each other through 3 joints at each
level: one disc 1n the front, and two sliding facets 1n the back.
In the thoracic spine, the facets look like shingles on a roof,
and will only allow you to bend backward a fixed amount. In
the osteotomy as shown in FIGS. 54A-54C, the facets are
removed and the spine 1s bent backward further than normal.
The device described herein may be used to remove the facet
joints as shown.

Although much of the following description and accompa-
nying figures generally focuses on surgical procedures in
spine, 1n alternative embodiments, devices, systems and
methods of the present mvention may be used 1n any of a
number of other anatomical locations 1n a patient’s body. For
example, in some embodiments, the flexible tissue modifica-
tion devices of the present invention may be used 1n mini-
mally ivasive procedures in the shoulder, elbow, wrist, hand,
hip, knee, foot, ankle, other joints, or other anatomical loca-
tions inthe body. Similarly, although some embodiments may
be used to remove or otherwise modily ligamentum flavum
and/or bone 1n a spine to treat spinal stenosis, in alternative
embodiments, other tissues may be modified to treat any of a
number of other conditions. For example, 1in various embodi-
ments, treated tissues may include but are not limited to
ligament, tendon, bone, tumor, cyst, cartilage, scar, osteo-
phyte, inflammatory tissue and the like. Non-target tissues
may include neural tissue and/or neurovascular tissue 1n some
embodiments or any of a number of other tissues and/or
structures 1n other embodiments. Thus, various embodiments
described herein may be used to modily any of a number of
different tissues, 1n any of a number of anatomical locations 1n
the body, to treat any of a number of different conditions.

The examples and 1llustrations 1included herein show, by
way of 1illustration and not of limitation, specific embodi-
ments 1 which the subject matter may be practiced. Other
embodiments may be utilized and derived there from, such
that structural and logical substitutions and changes may be
made without departing from the scope of this disclosure.
Such embodiments of the inventive subject matter may be
referred to herein individually or collectively by the term
“immvention” merely for convemence and without intending to
voluntarily limit the scope of this application to any single
invention or mventive concept, 11 more than one 1s 1n fact
disclosed. Thus, although specific embodiments have been
illustrated and described herein, any arrangement calculated
to achieve the same purpose may be substituted for the spe-
cific embodiments shown. This disclosure 1s intended to
cover any and all adaptations or variations of various embodi-
ments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be appar-
ent to those of skill in the art upon reviewing the above
description.

What 1s claimed 1s:

1. A bimanually controlled tissue modification device for
cutting tissue 1n a patient, the device comprising:

a tissue modification region;
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at least two flexible elongate lengths of cable, wherein the
lengths of cable extend substantially adjacent to each
other proximally to distally;

a plurality of rungs extending between the lengths of cable,
wherein the rungs are proximal to the tissue modifica-
tion region of the device;

at least one region of each length of cable that 1s within the
tissue modification region which i1s configured as a cut-
ting member;

a spacer extending between the cutting members and com-
prising a plurality of restraints at outer edges of the
spacer and configured to releasably hold the cutting
members apart ifrom one another until the cutting mem-
bers have cut into tissue to a depth that 1s greater than a
thickness of the cutting member; and

a guidewire coupler at the distal end region of the device
configured to engage a tip of a guidewire.

2. The device of claim 1, wherein the flexible elongate

lengths of cable link adjacent rungs.

3. The device of claim 1, wherein the cutting members and
the cable are mtegrally formed.

4. The device of claim 1, wherein the cutting members are
coupled to the cable.

5. The device of claim 1, wherein distal ends of the flexible
clongate lengths of cable are secured together.

6. The device of claim 1, wherein proximal ends of the
flexible elongate lengths of cable are secured together.

7. The device of claim 1, wherein the tissue modification
region 1s configured to be actuated by pulling on a proximal
handle and a distal guidewire coupled to the guidewire cou-
pler.

8. The device of claim 1, wherein the guidewire coupler 1s
configured such that the device 1s removably attachable to a
proximal end region of a guidewire such that the tissue modi-
fication region can be pulled into position by pulling on the
guidewire while the proximal end region of the guidewire 1s
secured to the guidewire coupler.

9. The device of claim 1, wherein at least one cutting
member comprises an elongate wire having a helical cutting
edge along the length of the wire.
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10. The device of claim 1, wherein the plurality of rungs are
proximal and distal to the tissue modification region of the
device.

11. A bimanually controlled tissue modification device for
cutting tissue 1n a patient, the device comprising:

a tissue modification region;

at least two tlexible elongate lengths of cable, wherein the
lengths of cable extend substantially adjacent to each
other proximally to distally and at least one region of
cach length of cable 1s a cutting member;

a spacer extending between the cutting members and com-
prising a plurality of restraints at outer edges of the
spacer and configured to releasably hold the cutting
members apart from one another until the cutting mem-
bers have cut into tissue to a depth that 1s greater than a
thickness of the cutting member; and

a guidewire coupler at the distal end region of the device
configured to engage a tip of a guidewire.

12. The device of claim 11, wherein the cutting members

and the cable are integrally formed.

13. The device of claim 11, wherein the cutting members
are coupled to the cable.

14. The device of claim 11, wherein distal ends of the
flexible elongate lengths of cable are secured together.

15. The device of claim 11, wherein the tissue modification
region 1s configured to be actuated by pulling on a proximal
handle and a distal guidewire coupled to the guidewire cou-
pler.

16. The device of claim 11, wherein the guidewire coupler
1s configured such that the device 1s removably attachable to
a proximal end region of a guidewire such that the tissue
modification region can be pulled into position by pulling on
the guidewire while the proximal end region of the guidewire
1s secured to the guidewire coupler.

17. The device of claim 11, wherein at least one cutting
member comprises an elongate wire having a helical cutting
edge along the length of the wire.
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